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APPENDIX A
SYMBOLS AND NOTATIONS
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A-1.

Symbols and notations are divided into two sec-
tions: ground motion chap 3 and app C) and
buildings (chaps 4, 5, 6, and 7).

A-2.
appendix C)

Symbols and notations

Ground motion (chapter 3 and

A = peak ground acceleration in cm/
sec’
= intercept of the log-recurrence line
= slope of the log-recurrence line
A = effective peak acceleration
ctive peak VEIOCl[y
mic grﬁ“ﬂd motion haViﬂg 50-
percent probability of exceedance
in 50 years
= seismic ground motion having 10-
percent probability of exceedance
in 100 years
= dynamlc ampllﬁca ion factor
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= seismic moment magnitude

= peak ground acceleration

= peak ground velocity

= pccu\ 5I‘Giiﬂu uiSpl&CGi’ﬁeﬁL

= effective distance

= epicentral distance

= hypocentral distance

=relative displacement response
spectrum

=relative velocity response spec-
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bs

spectrum
= modified Mercalli intensity at the
epicentral area
= modified Mercalli intensity at the
site
Sa =response spectrum value for
pseudo-acceleration
S, =response spectrum value for
pseudo-velocity
Sa = response spectrum value for dis-
placement
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puted ground velocity record
—computed ground displacement
record

x(t)

(ad
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(ax)max

Cbm

subscript C =

D

= time in seconds

= circular natural frequency in ra-
dians per second

= stiffness

= structural period in seconds
= coefficient of variation

ings (chaps 4, 5, 6, and 7)

= an effective peak ground accel-
eration to define S, at a response

= maximum acceleration at level x,
including effects of modal com-
binations

= modal base shear coefficient for
mode m. Equivalent to ZIKCS

coefficient in Basic Design Man-
ual, equation 3-1
denotes a force in terms of ca-
pacity

= dead load

subscript D = denote:s a force in terms of de-

R,

=~

~
»

2

mand
= &ar unquaxe load
elastic capacity to resist the seis-
mic effects, from equations 4-6,
4-7, and 4—8
= earthquake that has a 50-percent

probability of being exceeded in

S0 years
p— Pranys ST ey Ry o S I ) Ty
= eartnquake that has a 10-percent
probability of being exceeded in

= story lateral force at level x for
mode m

= acceleration due to gravity

= stiffness of a system in terms of
force required for a unit of lateral
dncnlanemnnf (K = F‘IR\ Note: not

A2RAT X . 1ZUL

to be confused with the K used as
a coefficient in the Basic Design
Manual

= numerical coefficient as set forth
in Basic Design Manual table

= normalized stiffness of a system
‘2 el
) 8

notinn of tha A«
that isa full\.l.lull UL uwuiT uy

characteristics
= live load
= mass of a system (M = W/g)

of the system
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M* = normalized mass of a system that
is a function of the dynamic char-
acteristics of the system

MDOF = Multi-degree-of-freedom system

M.F. = magnification factor to obtain
floor response spectrum in equa-
tion 64

N = number of stories above the base
to level n

n = the level that is uppermost in the
main portion of the structure
(generally the roof)

PF.m = modal participation factor at level

x for mode m, from equation 4-1

R, =ratio of Basic Design Manual
shear to modal analysis base
shear, from equation 5-1

RSS = root-sum-squares, same as SRSS

Sa = spectral acceleration, as a ratio of
the acceleration of gravity (g)

Sam = spectral acceleration for mode m

Sdm = spectral displacement for mode m

Sta = spectral acceleration of a floor re-
sponse spectrum

Stax = spectral acceleration of floor re-

sponse spectrum at level x

SDOF = single-degree-of-freedom system

SRSS = Square-root-of-the-sum-of-the-
squares

5,,S,2,S3 = soil types for developing ATC-3-

06 response spectra (NBS 510)

27 February 1986

t = time in seconds

Ta = period of vibration of equipment
or architectural appendage

T = period of vibration for mode m. T,

designates the fundamental mode,
T, designates the second mode, etc.

Vm = total lateral force for mode m

w = weight of a system or building

Wi/g = mass assigned to level i

W, = weight of a portion of a structure,
equipment, or architectural ap-
pendage

Wy = weight at or assigned to level x

Om = modal base shear participation for
mode m, from equation 4-2

B = damping as a percentage or ratio

) = lateral displacement

dxm = lateral displacement at level x for
mode m

Axm = modal lateral interstory drifts for

mode m within story x (e.g., the
difference between 3, at story x
= x + 1 and story x = x)

bim = amplitudes of mode m at levels i,
fromi=ntoi=1

Gxm = amplitude of mode m at level x

0 = P-delta stability coefficient, as de-

fined in paragraph 5-5d and ATC-
3-06 (NBS 510)
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APPENDIX C
GROUND MOTION BACKGROUND DATA

C-1. Earthquake Source and Earthquake
Size Definition.

The actual release of earthquake energy along
the fault plane in the crust of the earth is a very
compiex phenomenon Ail the physicai proc-
esses that occur j'liSl. befor €, uiii'ius and after a
seismic event are still not completely under-
stood, and considerable research is going on to
better describe this phenomenon. However for
engineering purposes, the above complex phe-
nomenon is idealized and figure C-1 gives the

pocenter are the two terms most commonly used
to describe the source location of an event. Even
though most of the seismic energy is released
as the fault ruptures and that a substantial vol-
ume of the earth’s crust (along the fault plane)
is invoived, it is generally assumed that there
exists a discrete point where the rupture initi-
ates. This point where the initial rupture of the

rocks w1thm the earth’s crust begms is called
the hypocenter. The point directly above the hy-
pocenter on the earth’s crust is called the epi-

ﬁndmg the region of intense shaking. It is quite
often that the field epicenter (region of intense
shaking) and the instrumentally located epicen-
ter do not coincide. See figure 3-22.

b. Earthquake size. Various empirical rela-
tionships are available to relate the size of the
event with the rupture length and fault slip. The
fault rupture length is the length of the fault
that actually breaks on the surface of the earth.
The fault slip is the relative displacement of the
two piates with respect to each other at the fauit

mnlana sotrima £ D chncare A FfFanard bermno ~F Faaals
piaiic. 1 lsulc L4 D11UVYD UlLlLlITIcClIL l.ypt:a Ul 1auli
sling Ad;n'n emnirical relationshins are avail-
slips. Agailr ipirical relationships are avail
able to rela te earthquake size with slip length.

To define the size of an earthquake, Charles
Richter developed a Richter Magnitude scale. This
scale isintended to be arating given to an earth-
quake event, independent of the iocation of ob-
servation. The size was determined by means of

a standard Wood-Anderson seismome ter with

T aJ11as211C

natural period of 0.8 seconds. Richter defined
the Magnitude as the logarithm to the base ten

of the ratio of the maximum amplitude on a
seismogram written by a Wood-Anderson seis-
mometer at a dlstance of 100 kms (62 miles)

frnm tha anicn
11 UllL LIIT TPILT

distance to 100 kms. Smce the scale is logarith-
mic, an increase of one step on the magnitude
scale increases the amplitude scale by a factor
of i0. (Dee ng. C-3).

c. Other ulagiutiidé fieasures. In recent
years, different types of instruments are used
to obtain similar magnitude values which are
referred to as local magnitude, M. The body
wave magnitude m, and the surface wave mag-
nitude Ms are also used. In most studies, the

local amplitude scale M, is taken as a Richter
— . S, d_

megmia o A ML A P PR .
i IdgIlituue. 11115 dbbulllleUll €S Inuroauce SoIne
arrnarce in maanitiida acciganmante Tha laral
CT11ULS 11l IUMAGUIILUUT asSS1giliuTiits. 1T 1vlal
magnitude scale M; can he related to the body

mtude Ms by the fo llowmg empirical relation-

A 1 DA .. 17 VAP Sy o I TN
My, = 1.0%4Mp — 1.i1 {€F U~1)
172
M. = 2.20[ms — 3.80] " + 2.97 (eq C-2)
Quirfaca.wava magnitunda M ic nenally hacad an
urLiavLoeTyvyavoe luasull.uu\, ivig 1O uSsuaQaii vaoctu uvil
fhp amblitude of 20 secon wa_ves recorded at

son for preferring local magnitude is that for
large earthquakes the surface-wave magnitude
may increase as the physical size of the source
region increases withoui a corresponding in-
crease in the amplitude of ground motion in the
period range affecting normal structures. This
is well illustrated by the Kern County earth-
quake of 1952 which had a surface wave mag-
nitude of 7.7 and a local magnitude of 7.2 and
by the San Francisco earthquake of 1906 with a

nitiiAda AFT7 D Arnlace T s ralluy haliawvad that
1IMILUUTCT UL .4 UL 1TDO. 1L 1 Lauy UCLITYTCU Liiau
the local magnitude scale saturatesin therange
of 7 to 7.5. The largest measured value to date
is 7.2

d. Seismic moment. As more is known about
the earthquake source mechanism and about the
size of earthquake events, it is becoming in-
creasingly clear that the existing magnitude

cra]nc are nvfrnmnlu inadoeanate tn ﬂncnrlhn tha
I CINE 1aGiguait (U GTCs 1541+

overall size or the energy content of earthquake
events. To overcome this deficiency, seismolo-

C-1
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Figure C-1. Earthquake source model.
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a. STRIKE-SLIP FAULT
(LEFT-SLIP FAULT)
AB=strike-slip= slip
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c. REVERSE-SLIP (THRUST) FAULT

reverse-slip = slip
throw or vertical component
heave'= horiz. shortening
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Reprinted from “Elementary Seismology,"
C. F. Richter, 1958, with permission from
W. H. Freeman and Company.

Figure C-3. The Richter Scale.



27 February 1986

gists have introduced a

new “physical” param-
eter called seismic moment, M,, to describe the
size of an earthquake. This parameter is related
to the size of the fault rupture area, the average

slip on the fault and the property in shear of
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surface wave magnitudes and seismic moments
of some famous earthquakes are given in table
C-1.

the ruptured zone. Comparative values of the

Table C-1. Magiitiude and seismiic momeit

Earthquake M M.

o v
1960 Chili Earthquake 8.3 to 8.5 | 2.5 x 1030 dyne-cms
1964 Alaska Earthquake 8.3 to 8.4 | 7.5 x 10?2 dyne-cms
1976 Tangshan Earthquake 7.8 to 8.0 i 1.0 x 1027 dyne-cms
1906 San Francisco Earthquake | 8.2 to 8.3 | 1.0 x 1048 dyne-cms
1971 San Fernando Earthguake 6.4 1.0 x 10%9 dyne-cms

US Army Corps of Engineers

In order to relate this new size parameter with
the existing magnitude scales, a moment mag-
nitude (M,,) is introduced. In the M, range of
5.5 to 7.0, M, corresponds to M. M, is related

M, = 3logM, - 10.7

M, is defined as:

M

1Vig

(eq C-3)
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where
G

average shear modulus over the rupture
zone

A = fault rupture area
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become more common. Table C—4 shows the ap-
proximate relationship between the MM scale
and the RF scale. It is important to note that all

investigators after observing and reviewing th

noarth~rivalro affarte 1m 2 aogivan racginn Tha aco
cal Luqual\c CT1ITULLO 111 A glv¥vLiul 1CTKRIVIL. 111C ao
signment of proper intensity value therefore re-

Unless the guidelines for assigning intensities
are properly and correctly followed, there could
be an error in the assigned value.

f. Relations for magnitude and intensity.
Empirical relationships are available in the lit-
erature to relate the magnitude of an earth-
quake and the epicentral intensity. The following

Nistanharag and Richtan (1Q568Y rD:hlia Q7)Y
UULENDErg dilhd Nidiner (1999, (DIi01o o ),
M. =1+ 3 (eq C-5)
Krinitzky and Chang (1975) (Biblio 92),
M, =21+ 14, (eq C-6)
Chinnery and Rogers (1973) for Northeast-
ern United States (Biblio 85)
M, = 1.2 + 0.61, (eq C-7)

where M. = Richter Magnitude or local mag-

nitude
I, = Modified Mercalli Intensity in the epi-

central area

All such relationships, including those derived
for specific sites where specific data are avail-

-5
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Mercalli's (1902) improved intensity scale served
as the basis for the cra] advanced hv Wood and Nuemann

(1931), known as the modified Mercalli scale and commonly
abbreviated MM. The modified version is described below
with some improvements by Richter (1958).

es MY

To eliminate many verbal repetitions in the original
scale, the following convention has been adopted. Each
effect is named at the level of intensity at which it
first appears frequently and characteristically. Each

effact mav be found 1nct etronaly ar mare nf}nn at tha
eviect may SIreng: iy Or mgre ovien at tne

next higher grade. A few effects are named at two suc-
cessive levels to indicate a more gradual increase.

Masonry A, B, C, D. To avoid ambiguity of language, the
qua]vty of masonry, br1ck or otherwise is spec1f1ed by the

..... actdan

TUIIU""Q IELLEI Illy \WIIILH Ild) 'IU LUIIIIE\.LIUXI ‘WILII LIIC
conventional Class A, B, C construction).

Masonry A. Good workmanship, mortar, and design;
reinforced, especially laterally, and bound together
by using steel, concrete, etc.; es1gned to resist
jateral forces.

Masonry B. Good workmanship and mortar; re
forced, but not designed in detail to resist iat
forces.

Masonry C. Ordinary workmanship and mortar; no
extreme weaknesses like failing to tie in at corners,

but neither reinforced nor des1gned against hori-
zontal forces.

Masonry D. Weak materials, such as adobe;
1

poor mortar; low standards of workmanship; weak
horizontally
Modified Mercalli Intensity Scale of 1931 (abriged
and Rewritten by C, F Richktev)
nd Rewritten by C. F. Richter).
I. Not felt. Marginal and long-period of
larne sarthnnabkec
large earthquakes
11. Felt by persons at rest, on upper fioors, or
faborably placed.

111. Felt indoors. Hanging objects swing. Vibra-
tion like passing of light trucks. Duration estimated.
May not be recognized as an earthquake.

1V. Hanging objects swing. Vibration like pass-
ing of heavy trucks or sensation of a jolt like a heavy
ball striking the wails. Standing motor cars rock.
Windows, dishes, doors rattle. Glasses clink, Crockery

clashes. In the upper range of 4, wooden walls and
frames crack.

Y. Felt outdoors; direction estimated. Sieepers
wakened. Liquids disturbed, some spilled. &Small unstable
cbjects displaced or upset. Doors swing, clese, open.

Shutters, pictures move. Pendulum clocks stop, start,
change rate.

Reprinted from "Elementary Seismology,"
C. F. Richter, 1958, with permission from

W, H., Freeman and (‘wran) .
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Table C-2. The Modified Mercalli intensity scale—continued.

V1. Felt by all. Many frightened and run outdoors.
Persons waik unsteadiiy. Windows, dishes, giassware
broken. Knickknacks, books, and so on, off shelves,
Pictures off walls. Furniture moved or overturned.

Weak plaster and masonry D cracked. Small tells ring
(church, School). Trees, bushes shaken visibly or heard
to rustle.

VII. Difficult to stand. Noticed by drivers of
motor cars. Hanging objects quiver. Furniture broken.
Damage to masonry D inciuding cracks. Weak chimneys
broken at roof line. Fall of plaster, loose bricks,
stones, tiles, cornices, unbraced parapets, and archi-
tectural ornaments. Some cracks in masonry C. Waves
on ponds: water turbid with mud. Small slides and
caving in along sand or gravel banks, Large bells
ring. Concrete irrigation ditches damaged.

VIII., Steering of motor cars affected. Damage to
masonry C; partial collapse. Some damage to masonry B;

none tg masonry A, Fall of stucco and some masonry

fiOnNg U asvunty Sy 1250

walls. Twisting, fall of chimneys, factory stacks,
monuments, towers, elevated tanks. Frame houses

moved on foundations if not bolted down; loose pane.
walls thrown out. Decayed piling broken off. Branches
broken from trees. Changes in flow or temperature of

springs and wells. Cracks in wet ground and on steep
slopes.

IX. General panic. Masonry D destrovec; masonry
C heavily damaged, sometimes with complete collapse;
masonry B seriously damaged. General damage to foun-
dations. Frames racked. Conspicuous cracks in ground.
In alluviated areas, sand and mud ejected, earthquake

fountains, sand craters.

X Maost masonrv and frame structures d

oc
X. Y me structures des
with their foundations. Some well-built wooden
tures and bridges destroyed. Serious damage t

dikee omhankmante larae landelidec Wator
CiKEeSs, emoanxments, Large :ands.i1Ces. watley

on bansk of canals, rivers, lakes, etc. Sand and mud

shifted horizontally on beaches and flat land. Rails

bent sli +1y
bent slight 1y,

XI. Rails bent greatly. Underground pipelines
completely out of service.

XII1. Damage nearly total Large rock masses
Aienlarad | inac nf einht
\Jl)’llﬂ\oc\‘ LiIco v DIV:"IL-

Reprinted from "Elementary Seismology,"
C ¥ Ricrhrar 1QcR with mavmiceines €rnam
“e S. RALHILCL, 4500, WAl PRITHIISSIUN 1TON

W. H. Freeman and Company.

o}
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Table C-3. The Rossi-Forel scale.

(<)
w

I. Microsiesmic shock. Recorded by a single seismograph or by
seismographs of the same model, but not by several seismographs of
different kinds: the shock felt by an experienced observer.

T Cvtvramaly fonhla charl Dr\,-nv-A A oy cnrmavmal AAdTemAamann e ~F
ddoe LALI CHiC |V y ICCWIT JITVLA ¢ NnNCTLUi ucuy U_y )CVCIGI )C )lllUgl Gpll Ul
different kinds; felt by a small number of persons at rest.

III. Very feeble shock. Felt by several persons at rest; strong
enough for the direction or duration to be appreciable.

IV. Feebie shock. Feit by persons in motion; disturbance of movable
objects, doors, windows, cracking of ceilings.

V. Shock of moderate intensity. Felt generally by everyone;
disturbance of furnature, beds, etc., ringing o of some bells.

VI. Fairly strong shock. general awakening of those asleep; general
ringing of bells; oscillation of chandeliers; stopping of clocks; visible
agitation of trees and shrubs; some startied persons leaving their

A .-11...
aweii1ings.

ects; fall of plaster;

VII. Strong shock. Qverthrow of movable ;
age to buildings.

ringing of church bells; general panic, without

objec
dama

VIII. Very strong shock. Fall of chimneys; cracks in tLthe walls and
buildings.

1
&
di

u

._l.

.
qas
3~

X. Shock of extreme intensity. Great disaster; ruins; disturbance
of the strata, fissures in the ground, rock falls from mountains.

Reprinted from "Elementary Seismology,"

C B Dirheaxn 100 el < . 3
e e RARHLTE, 1950, W1Th permission trom

W. H. Freeman and Company.
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Table C—4. The relation between Modified Mercalli intensity (MM) and Rossi-Forel intensity (RF).

MM

RF

11

IT1

IV

Vi

VII

VIII

IX

X-X1I

-
1

I1

I11

Iv-v

V-V1

VI-VI1I

VIII

VIII+ to IX-

IX+

X

Reprintgd from "Elementary Seismology,"
C. F. Richter, 1958, with permission from

W. H. Freeman and Company.

able, are extremely approximate and the scatter
of data about the predicted lines is large. Note
that much of the scatter is due to the necessity
of empirically converting site intensity data to
the equivalent I, value at the epicentral area;
so as to normalize the site distance attenuation
effects. Figure C—4 (taken from Krinitzky and
Chang, Biblio 91) shows the above relationships
along with the data behavior.

g. Recording instruments for ground mo-
tion. With the introduction of modern strong
motion instruments, the size of the ground mo-
tion at a given location is often expressed by
means of the instrumentally recorded ground
motion parameter. The most commonly used in-
struments for engineering purposes are the
strong motion accelerographs. These instru-
ments record the acceleration time history of
ground motion at a site. Figure 2-1 of paragraph
2-3b shows a typical accelerogram recorded by
such an instrument. By proper analysis of this

acceleration time history to account for instru-
ment bias and base line correction, the resulting
corrected acceleration record can be used by en-
gineers. This corrected acceleration record can
yield ground velocity and ground displacement
by appropriate integrations, see figures 2-1, and
2-2 in paragraph 2-3b.

h. Relations for recorded ground motion and
intensity. To relate the instrumentally re-
corded parameters such as acceleration, velocity
and displacement with intensity parameters,
empirical equations have been developed by var-
ious researchers. It should be cautioned again
that such relationships are obtained from widely
scattered and sparse data and should only be
used with recognition of their inherently large
prediction error. From studies related to earth-
quake damage estimation and earthquake in-
surance, it has been observed that the Modified
Mercalli intensity scale is the easiest and most
convenient with which to work. Most of the

c-9
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Figure C—4. Relation between earthquake magnitude and intensity.

available damage statistics are related to the
MM intensity at a site. However, for the rela-
tlvely recent mstrumentauy recorded data, the

........... ey 2

ation 51uuuu motion is usuauy ii
fa peak ground metion parameter st
PGA, and many empirical relatlonshlps
are available in the literature to relate the MM
intensity with the PGA. Peak ground accelera-
tion is an instrumentally recorded continuous
variabie whereas Modified Mercaliii intensity is
a subjectively assigned discrete integer variable.

hucec it chnanld he eyxneactad that thare will be a

lllu\)’ an Ollvul vAapLULLLU L LilLiL VYVl
range or inc_e_m__e 1t of cor itinuous PGA values
corresponding to a given intensity level. In the

past, a number of researchers have developed
PGA-MMI relationships. In each of the rela-
tionships given below, I is Modified Mercalli in-
tensity and A is peak ground acceieration in cm/

oonn

b1 o

C-10

Gutenberg and Richter (1942) log A=-0.5+0.331

(Biblio 88) (eq C-8)
Hershberger (1556) log A=-0.5+0.431

(Rihlio 89) (eq C-9)
Ambrasey (1974) log A= -0.16 +0.361

(Biblio 84) (eq C-10)

Trifunac and Brady (1975)

/DLl 1NDN\
\DIDIIVU 1V9)

log A=0.014+0.31
{eq C-11)

All +hn rl"\niyn .-nlnh‘n“ hing are Tao l' n fam
111 LIIT AVUU VYT 1 TIlauluvlioiiipd ciug-u 1101~

mat. Recent work by McCann and Shah (BlbllO
100) has shown that the assumption of a log-
linear relationship between PGA and MMI may
not be a reasonable one. Figure C-5 shows the
following suggested relationship with two other
relationships from above:

McCann and Shah (1979)
(Biblio 100)

log A = —0.0241° +
0.5951-0.68

e £ 10N
{eg C-12)
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Figure C-5. McCann and Shah relationship.

In this relationship, it is assumed that a range
of peak ground acceleration values are associ-
ated with each intensity level. Figure C-6 shows
the PGA-MMI relation and the interval associ-
ated with each intensity. Table C-5 lists this range
of PGA values associated with each MMI level.

acterized as a set of tlme-varvmg harmonic vi-
brations having a fairly broad range of
frequencies. Structures subjected to this input
motion tend to amplify the harmonics near their
own natural trequencnes and fiiter or attenuate
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tics of the structure. This paragraph provides
the definitions and discussions of the response
spectrum representation of this inter-relation-
ship between ground motion input and struc-
turai response.
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any given ground acceleratio
displacement response is
t
Wt =" e (eq C-13)
Sln[TD(t —-1)]dr

and for the case of zero damping this equation
simplifies to
t

u(t) = - | x(osinfw(t-1)idr  (eq C-14)
w V]
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Figure C-6. The PGA-MMI relationship shown with the intervals associated with each intensity.
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Table C-5. Relationship between MMI and PGA.

MMI PGA(in g unit)

v 0.03< A<0.08
VI 0.08< A<0.15
VII 0.15< A<0.25
VIII 0.25< A< 0.45
IX 0.45< A< 0.60
X 0.60< A< 0.80
X1 0.80< A< 0.90
X11 A>0.90

Reprinted from "Elementary Seismology,"
C. F. Richter, 1958, with permission from
W. H. Freeman and Company.

)
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Relative velocities and accelerations are given
by the time derivatives u(t) and u(t) respec-

[
Yo

vely. wp is damped natural frequency.

(2) Response to Sinusoidal Input. If the
ground acceleration X(t) were to be a single unit
amplitude sinusoid at frequency (1

%(t) = sinQt then the corresponding response
is given by u(i) = [H{w)lsin [{t + &]

where & is a phase angle and

1
TTA-Q%) +4 (B ]

the system frequency response function which
either amplifies or attenuates the response ac-

cording to the frequency Vo ratio, and the

5]

(w) v, (eq C—13)

-
wn
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most useful in the explanation of how predom-

inant harmonics in ground motion, due to spe-
cial soil conditions, can amplify the ordinates of
the response spectrum.

b. Response spectra For a given ground ac-
celeration %(i) such as shown in figure 2—4, and
given damping, the absolute maximum values
found from the complete time history solution
of equatlon C-13 prov1de the response spectrum
values at the system frequency o or period
T= 27 . A response spectrum is traditionally
presented as a curve connecting the maximum

AL £nn

response vaiues for a continuous range oi ire-
quency or period values, such as shown in fig-
ures 2-4 of paragraph 2-3c

damping ratio B, see figure C-8. This function is The different response spectra are defined as
30 1
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Figure C-8. Maximum dynamic load factor for sinusoidai ioad.
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SD = u(t) m.x=Relative Displacement
Response Spectrum

SV = u(t) max=Relative Velocity
Response Spectrum
SA = y(t) max= u(t) + x(t) max

= Absolute Acceleration Response
Spectrum

Then using the close approximation of w = wp for
B=<0.1, the more commonly employed versions
for engineering purposes are:

Sv = w (SD) = Pseudovelocity Spectrum
(eq C-16)

S. = ©° (SD) = Pseudovelocity Spectrum.
(eq C-19)

For the common structural damping values, and
the earthquake type of input motion, there is
essential equality for the real and pseudo-
values,

Sy =SV (eq C-18)
S. = SA (eq C-19)

Of course, for long period structures, the veloc-
ity equality breaks down since Sy approaches
zero, while SV approaches PGV. This is because
relative displacement approaches the ground
displacement value, and there is small motion
of the mass. The relationships between SD, Sy,
and S, can be justified by the following physical
behavior of the vibrating system. At maximum
relative displacement SD, velocity is zero, and
maximum spring force equals maximum inter-
tia force,

k(SD) = m S,
giving Sy = kkm(SD) = 0’(SD) (eq C-20)

Detailed discussions on response spectra and
their computation from accelerograms are given
in (Biblios 7,3,12). An example of a typical ac-
celerogram spectrum is shown in figure 2—4. Also
because of the relations S, = o Sy =Sy, it is
possible to represent spectra on tri-partite log
paper, see figure 3-29 in paragraph 3-6e(1).

C-3. Methods of forecasting earthquake
ground motion.

The following methods of ground motion spec-
ification are employed by engineers for the seis-
mic resistant design of structures ranging from
nuclear facilities to ordinary buildings. Herein
the term “ground motion” is used in its general
sense to include both the time history and re-
sponse spectrum representations of earthquake
effects. Also, all methods require an initial spec-

C-16
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ification of the acceptable risk of exceeding the
structural performance levels such as the dam-
age threshold, functionality level, and condem-
nation threshold, in order to establish the
corresponding level of ground motion severity.

a. Selected representative ground motion.
Given the structure site, its soil column condi-
tions, and the geological description of the ef-
fective earthquake sources and their corre-
sponding travel paths to the site: a set of time
histories (commonly three to five) is selected so
as to have reasonably similar soil columns, source
and travel path characteristics, distances, and
magnitudes with these conditions at the site.
The magnitude is selected according to the per-
formance and reliability criteria for the struc-
ture. Both actual records and artificially
generated time histories are both used for the
selected set.

(1) This method has the advantages of pro-
viding a definite set of structural response time
histories or response spectra. These results may
be averaged to provide a single description of
forecasted structure performance. The set of re-
sponse spectra may be averaged (arithmetically
or graphically) to provide the most represent-
ative response spectrum ordinates in the par-
ticular period range of the structural system.
This method does not require the use of atten-
uation equations and spectral (DAF) shapes with
their high variances of prediction error.

(2) The disadvantages are that it is often
difficult to find the representative records that
would correspond to the particular site condi-
tion; and the end results are based on an av-
erage representation of a very small sample.
Much depends upon how sincerely the engineer
believes that the selected small sample can ac-
tually forecast the future ground motion. Fur-
ther description and discussion is given in (Biblio
102).

b. Analytical site-soil column response. This
method uses a somewhat similar method to that
of the selected method in C-3a. The main dif-
ference is that the selected time histories must
be representative of bed rock motion. For a given
magnitude, a set of rock site accelerograms is
selected (or scaled) so as to best represent the
forecasted duration, amplitude and spectrum
shape of the site bed rock motion. Then with the
data from the site soil boring investigations, a
dynamic model of the site soil column is for-
mulated. This model is subjected to the set of
bed rock motions and the resulting set of site
surface time histories is obtained. These histo-
ries or their averaged (and smoothed) spectra
are used for the structural input. The principal
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advantage of this method is that it provides the
best analytical representation of the effects of
the site soil column on the surface response. The
disadvantages are inherent in the selected spec-
ification of the limited set of bed r

S an e o i Amrrmn e ~F lan n_nl..&.,nl [P RS |
LULICD, allu l 1 L11IT dLiul aly Ul L1IT alldly Litdi 111uucl
of the cite gni lamn T nncertainties due to
Of tne site so! lumn. 1n 1certamiies que 1o

are also | present asin the method C-3a. (Biblios
93,98,99) give detailed discussions on this method.
In the assignment of a particular weight, as will
be discussed in paragraph C-3f, of preference
for the spectral shape as provided by a site soii-

mnlicemn mAacTmAATon analucic $ha FAllacirimog s46narmao
CO1UINIl TesSpoiiSe dridiysisS, i€ 10110WINg iteims
chould he roncidered and accecced for validitv
sfieuld pe consiaereq ang assesseqd Ior valiaity
and D,lLCabllltV

bed-rock earthquake motion. Are the histories
inclusive of duration and frequency content rep-
resentative of the various possible sources and
travel paths? Has the scaling factor (for PGA)
been evaluated b oy da hazard ana1y51s similar in
quality to that used for surface ground motion?

(2) Soil-Column Model: Have adequate
boring investigations and related tests been made
toreasonably establish the dynamic model prop-
erties. Is there adequate geological information
to supplement the boring data? Is the model ap-

proprlate for the site.
(DY Whnsrn ~ ocnifFlninmtd masrmbhan ~F had wnanls
{0) ndvé a Sullidient numoer 01 bea-roc
time histories been used to establish a reason-
1me nistories been used 1o establish a reason
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ably reliable statistical average and measur
dispersion of surface motion spectra.

c¢. Empirical forecasts from representative
records This method involx es two basic steps:

— 1 - AN
scalfing factor tl‘b or LI’A} orresponamg to
thic miclys +hamnm annly thic cnaling Fantan +4 2 na
tiiiS TiSK,; Uiéll app1y niisS ST4iiiig 1aCior to a re-
snonse snectrum shane (DAF) renresentative of
ponse specirumsnape (DAL) represeniative of

step may be either ‘“deterministic” such that the
most severe magnitude event occurs on the
source at the epicentral location nearest to the
site: or may be pI‘ODablllsth such tnat the union

X (DAF). For a given magnitude of event M at
a given source to site distance R, this method
consists of:
(1) Attenuation of the specirai
- Lt

ticz;l model and ﬁtt ng procedure ( sually
s). There is usually a large
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prediction error (50 to 100% ) about the central
or median predicted value.

(2) The PGA at the site is represenative of
accelerogram peak records This “instrumen-

s

[

structure, this spectrum “should’ prov1de a re-
liable estimate of the actual structural defor-
mations that would result from the event or any
one of the events 1nc1uaea in the seismic
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t10n of the future is the average behavxor of
many past records. Despite the disadvantages
listed below, it is a common practical way to
forecasting and specifying ground motion. Its
results may be modified by the results of the
other methods given herein. The disadvantages
are:

(a) The high prediction error in the at-
tenuation equations for PGA.

(b) The high variability of the spectral
shape DAF as obtained from the average of nor-
malized spectra havmg roughly similar soil con-

ditions. The method of normalizing the specira
4~ a nnarirmian sxnitber valira AF DA Anmtrihaidbac
LU a CUILlLIUIL UulllL valutT Ul U LULILLLIUULCY
much to the high var iabihty of the DAF shape

ThlS method is a refinement of paragraph C—3c,
where the response spectrum value S, or S, at
a given period (rather than the zero period PGA
value) is attenuated from source to site. The

advantage is that the site spectrum is obtained

Airantley in tarma nf tha cnnrra_tn_gita Aigtanra

ulLcuLl 111 LTL 111D Ul. LIIT JSUUILILTTLUTJILT UldLAlILT,
b2 1

to employ the highly variable empirical DAF
spectral shape as needed by the method in C-3c.
The disadvantage is that the attenuation rela-
tions for the spectrum ordinates are much more

PR L N S (5. S ale o Al 1t
SubjecL Lo pr UlLLlUll €I T0OL LIldIl LIIESE 1TE€1dLIOILS
Fnr Df:A hb 9179]]9}‘\]0 l"'_'lfﬂ Fl’\" nNnoaar_-cNnIIrNn
PRV Y X \JL2 Py L AaAvailiausie “uaLa AUL AU AL SuUwuuLLy
spectra and corr esponding spectra at various site

cent events (such
as 1971 San Fernando and 1980 Imperial Val-
ley). The data is therefore both sparse and very
sensitive to the geological conditions of the re-
gion where the records were obtained.

~ 1.V Y ) NS Ry RS ) MR IO B Rpy RN Dy LSRR o A
€. iviaulerndticdi Or ul€orerticdi modelii Ul LI
seismic event. This method models the source
fracture size and sequence of rupture impulses
These impulses are then propagated by wave
mechanics through a model of the source to site
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path. This allows inclusion of all that is both
theoretically and empirically known about source
mechanics and site response (included are di-
rectivity and magnitude effects). Disadvan-
tages are lack of data and knowiedge concerning

P | ..AA.L o

J
f. Summary. For any actual site hazard study
requiring specified ground motion description,
the most popular methods are those in C-3b and

C-3c. When both are used for a particular proj-

1\
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ect, the individual results should be reviewed for
consistency and resolution of significant differ-
ences. Of course any knowledge available from
results of the other methods can contribute to
this consistency and resoiution process for th
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formal statlstlcal method, see figur
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C-4. Emperical relations for seismicity

cmd fault activity.

e

he

Table C-6. Magnitude-displacement relation.

ollowing tables and figure are given

............ pw=at Qi mavias

vide supplementary information concerning em-
pirical relationships between fault length, fault

nto

nro-
1 4

ion A 27 February 1986
displacement, and earthquake magnitude, Bib-
lio (101) and degree of fault activity in terms of
slip rate, Biblio (100).

Equstions of Best Straight-Line Fit for Magnitude

Versus Log Displacement: M = a + b Log U

Standard

Foult No. a8 b Leviation
Horth America 2L 6. by 0.9y 0,595
Hest of world 51 6.621 10 0. Hho
Worldwide 15 €. 150 1.107 n.mh
A normal-slip 20 6.821 1.050 N, ing
B reverse-sliy 11 7.002 0,98 0. ke
C normal-oblique-slip 8 6,750 1.260 NI
D reverse-oblique-slip 6 6.917 -0.150 DL
E strike-slip 30 6.717 1.2k D623
A+ C 28 6.757 1.226 .03
B+ 0D 17 6.8L6 1.023 0.500
C+D+E Lk 6.705 1.200 0. 586
C+D 14 6.692 1.165 Goh5
B+ E L1 6.767 1.200 0,60
A+ C+E 58 6.737 1.221 0.54Y
B+D+E L7 6.742 1.188 0.597

Reprinted from "Fault and Earthquake

Magnitude," Slemmons, D. B.,

State-of-

the-Art for Assessing Earthquake Hazards

in the United States,
Miscellaneous Paper S-73-1,

Report No.

uU.s. Army

Engineer Waterways Experiment Station,

1977.

Correlati.n

Loelficicont

o

NUR]
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Table C-7. Displacement-fault length relation.

Equations of Besi Straight-Line Fit for log Displacement

Versus Log length:

log D= a + b log L

Fault

North America

Rest of world
Worldwide

A normal-slip

‘B reverse-slip

C normal-oblique-slip
reverse-oblique-slip
strike-slip

+ C

+D

+ D+ E

+D

+ E

+ C+E

w P> W O O P> MmO

+ D+ E

Reprinted from '"Fault
Magnitude,' Slemmons,
the-Art for Assessing
in the United States, Report No. 6

Standard Correlaticn

No a b Deviation Coefficient
26 -L.720 1.036 0.632 0.737
Lg -1.654 0.ULL 0.320 0.589
T4 -3.185 0.747 0.515 0.6Uu45
20 -4.375 1.01L 0.567 0.620
9 -2.123 0.568 0.226 0.832
-0.107 0.128 0.279 0.183
6 1.242  -0.220 0.154 ~0.L87
A -3.571 0.805 0.5L1 0.703
28 -2.898 0.705 0.351 0.685
15 -1.665 0.L462 0.276 0.700
us -2.92L 0.68U 0.516 0.62L
1k 0.033 0.081 0.265 0.130
Lo -3.46G 0.797 0.506 0.722
59 -3.239 0.756 0.4k 0.680
L6 -3.119 0.728 0.501 0.682

and Earthquake
D. B., State-of-
Earthquake Hazards

Miscellaneous Paper S$-73-1, U.S. Army
Engineer Waterways Experiment Station,

1977.
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2]
5

»

Yersus Log Fault length: M =3 + b log L

Standard Correlation

Fault No. [ b Deviation Coefficient
North America 26 -0.:46  1.504 0.628 0.815
Rest of world L9 2.971  0.920 0.560 0.680
Worldwide 75 1.606 1.182 0.603 0.72k
A normal-slip 18 1.8k5  1.151 0.521 0.575
B reverse-slip 9 4,145 0.717 0.167 0.932
C normal-oblique-slip 10 3.117  0.913 0. 457 0. 60k
D reverse-oblique-slip 7 L,398 0.568 0.340 0.522
E strike-slip 31 G.597 1.351 C.nuh 0.775
A+ C 28 2.0k2  1.121 0.490 0.666
B+D 16 3.355  0.8u7 0.320 0.833
C+D+E L8 1.149  1.262 0.650 0.737
cC+D 17 2.992  0.918 0.431 0.652
B+E Lo 1.0k2 1.277 0. 66U 0.773
A+ C+E 59 1.204  1.260 0.639 0.72h
B+D+E u7 1.357 1.217 0.6148 0.758

Reprinted from "Fault
Magnitude," Slemmons,
the-Art for Assessing
in the United States,

and Earthquake

D. B., State-of-
Earthquake Hazards
Report No. 6,

Miscellaneous Paper S-73-1, U.S. Army
Engineer Waterways Experiment Station,

V]

1377,

27 February 1986
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Table C-9. Magnitude-length times displacement relation.

Equations of Eest Strajght-line rit for Magnitude Versus
log length Times Displacement: M = a + b lLog LD

Standard Correlation

Fault No. [y b Deviastion Coefficient
North America 2k 3.510 0.701 0.503 0.889
Rest of world L6 Lk.158 0.610 0.46L 0.731
Worldwide 70 3.760 0.680 0.489 0.828
A normal-slip 18 4,551  0.530 0.421 0.750
B reverse-slip 9 5.310 0.k23 0.213 0.886
C normal-oblique-slip 8 3.281 0.785 0.325 0.793
D reverse-oblique-slip 6 3.766 0.678 0.353 0.550
E strike-slip 29 3.220  0.759 0.567 0.859
A+C 26 3.691  0.707 0.388 0.792
B+D 15 L.L78  0.550 0.327 0.83k
C+D+E 43 3.238  0.766 0.510 0.850
cC+D 1 3.168  0.802 0.1340 0. 78k
B+E 38 3.2 0.728 0.536 0.859
A+C+E 55 3.393  0.7k5 0.503 0.837
B+D+E N 3.Lh1  0.726 0.51% 0.853

Reprinted from '"Fault and Earthquake
Magnitude,' Slemmons, D. B., State-of-
the-Art for Assessing Earthquake Hazards
in the United States, Report No. 6,
Miscellaneous Paper 5-73-1, U.5. Army
Engineer Waterways Experiment Station,
1977,

C-23
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Table C-10. Magnitude-length times squared displacement relation.

Equations of Best Straight-Line Fit for Masritude Versus lng
Length Ttﬁes Square of Displacement: M = a ¢+ b log LDZ

Standard Correiation

. Fault - No. a b Deviaticn Coefficient
North America 2L L.808 0.L20 0.526 0.878
Reat of vorld 6 b.967 0.k17 0.473 0.719
Worldvide 70 L.865 0.u27 0.496 0.823
A normal-sli, 18 5.568 0.299 0.k27 0.742
B reverse-slip §  5.865 0.289 0.2L2 0.850"
C normal-oblique-slip 8 L.103 0.573 0.309 0.815
D reverse-oblique-alip [ 4.290 0.522 0.373 0. 468
E strike-slip 29 L.lg1  0.480 .57k 0.855
A+ C 26 L.T52 0.u459 0.38L 0.796
B+D 15 5.162 0.382 0.350 0.808
C+D+E L3 L.L73 0.489 0.513 0.8L8
Ce+D bL 3.985 0.590 0.3L40 0.785
B+ E 38 L.597 0.u68 0.535 0.859
A+ C+E 55 L.582 0.477 0.499 0.8L0
B¢ D+E L L.587 0.k69 0.51¢ 0.852

Reprinted from "Fault and Earthquake
Magnitude," Slemmons, D. B., State-of-
the-Art for Assessing Earthquake Hazards
in the United States, Report No. 6,
Miscellaneous Paper $-73-1, U.S. Army
Engineer Waterways Experiment Station,
1977,
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Table C-11. Degree of fault activity.
iy SLIP RATE CALCULATED CUML_J_LAT!VE SLIP (M) ?:ttj:.l? RECURRENCE
(CM/YEAR) 10K yrs | 35K yrs [ 100K yre |SOOK yre (“ETERS) INTERVAL (YRS
Fairweother, Ak, 5.8 680 2030 6800 9000 i0 V76
San Andreas, Ca. 37 370 1295 3700 18600 10 270
Heyward, Ca. 6 60 210 600 3000 2 300
Covote Creek, Ca. 3 30 1056 300 1600 1.5 800
Ahime Grsben, Ger. 023 23 8.6 n 116 5 2000
Rhine Graben, Ger 005 5 1.76 ] 25 J 8000
Clevaland Hill, Ca, D006 06 21 60 3 .24 30000
Rawhice Flat West, Cas. 00025 026 .087 .26 1.26 .08 32000
Negro Jaeck Point, Ca. L0007 007 026 .07 .y 02 20000

US Army Corps of Engineers

:T'-' Very Hign High / Moderewty Mugh
High
1Y A yd
1y N/ A
§ §/ g N \*k/ AZ_J
-5 E S8 S 7
s N A )y
D.':‘t; §/ 51% gf SQ% oqyl.& K\ .00\
o=z| | /|lg ¥ A & 5
Y] HS A >4
<3 & ¢
H / .\)@?@
s Kt/ NS~ P
i, -  ge=—=T

RECURFENCE INTERVAL ™ ure tom
SLIP RATE~<0.0000l cm/yr

Figure C-10. Relative degree of fault activity.
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D-1. Purpose and Objectives.

The purpose of this appendix is to provide
examples of the assumptions, procedures, and
calculatlons reqmred for each step of the prob-

tended to rov1de a dlrect understandmg of ho

each successive value is obtained. Examples 2
and 3 represent the more detailed, actual types
of hazard analyses necessitating the use of a
computer program. Example 2 covers steps I and
II and detail; and example 3 provides additional
examples of steps I and II and then shows steps

III and IV ]eadmg to the description of hazard
as the complementary cumulative distribution

function or hazard curve for site PGA.

®
Y]

is to be determined on the hazard curve (fig 3—
39), for P [PGA < PGA;] with PGA; = 0.20g, for
an exposure time of t = 50 years. Then assuming
that the complete hazard curve has been deter-
mined from a set of similarly calculated values
of PGA . a selected resnonse spectrum shape is

4 iy, & STaTLiT PSSt SpUlliil iiill SUGQpT 3

scaled to illustrate step V, and provide an EQ-I
site specific spectrum.

a. Step I.
Seismic Sources (para 3—4b). The building site
is located in a reglon containing two distinct

S0UICed Ul D!‘:lbllllLlLy, d
area source 2. Source

QaTaO SUUuilLlT 4. Uil T

the surface trace and subsurface geologlcal
structure of a strike-slip fault along with a his-
tory of earthquake reports and records associ-
ated with this fault. Source 2 is a general area
within which a history of earthquake reports
have occured; there may be faults with this area,

owever there is no surface evidence of their

Ti LaiTa T 1S5 11U Swuiaa&GLT T vauTaavye vailaz

ocation. Figure D-1 shows the line and area
models of sources 1 and 2, the estimated epicen-
tral locations of past earthquakes along with
the listings of historical records of earthquakes
assigned to each source.

' o &

b. StepIl. Evaluati

0 =d
ine source 1, and an
as been identified by

A3 UTTa: 2T iazalatxe

[
-:r -

I~

quI ce belbllll(,ll.y dlld

1
ara 2. 40~)Y Ac chawn in
“aia V__'b,- 4320 O11VUVYViIL 111

figure D—l the llne source 1 has a period of t,
= 150 years of reported seismic events and rec-
ords along its assigned length L; = 30 kilome-
ters. The older reports in terms of intensity have

Identification and Modeling of

been converted to equivalent magnitude values
M, and the more recent events have directly
measured magnitudes. Based on the fault length,
along with its depth and slxp activity, a maxi-

mriiznn s mxTibisdn AFAMA _ T L 2o agoos mnad Farn thic
miini imagnituaeé 61 vi = 7.91iS8 abmgucu 10T wiisS
source. Area source 2 has a period of t; = 300

years of reported history. All events except the
last one are in terms of MMI intensity I,, and
the last event has a measured magnitude. The
MMI values are converted to equivalent local
magnitude vaiues 'by use of the Gutenberg—
Richter equation C-5 given in appendix C. The
geological structure within source 2 is judged
to be capable of a maximum magnitude of M =

6.5. The recurrence relation for source 1 is de-
veloped by linear regression analysis as follows.
The eight recorded events are ranked according

to descendmg magmtude values such that the

rb o o
13. o
@]
= -
(=9
D
=
=
5‘
Y]
=
=
=g ~Y)
>
[V2)

o
[oV]
=+

rithm values In N. A plot of 1In N versus M in
figure D-3 shows that a single straight line can
represent the source 1. recurrence relation

In N1 = ay + BIM
Lettingy = In N, and x = M, the linea

J A2 A1 QI A 4ivi, LI 221X

sion analysis calculations for the least-sq
error line

y = a1 + Bix
are shown in figure D-2, aiong with the no
malization required to give

for a one kilometer, one year basis. A similar
processing of the source 2 data provided the re-
currence relation

cast the nrobabilities of mag-

LGSL Ll pPrUwRuiialild v ulGn

nitude levels for both sources 1 and 2. Referring
to equation 3-14 of paragraph 3-4d; given a
length increment AL and the future time period
t for source 1, the probability of no events greater

D-1
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LINE SOURCE 1.
Length=30 km

150 Years of Record
Date M
1830 6.5
1852 6.1
1871 6.6
1890 6.2
1911 5.9
1920 6.3
7.4
5.7

AREA SOURCE 2.
Area=400 sq km

27 February 1986

300 Years of Record
Date I mM*
e}
1682 VII 5.7
1765 VI 5.0
M0~ irTr [ n
104ic vi 5.V
1920 VII 5.7
1982 v 4.3
*# M—=1 NOL{2 /2T (an M_c)
17 .L.u'\c./_)/_l.o, \Ty v—y

Figure D-1. Source models and records for sources 1 and 2.

D-2
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Normalizing +o a ] km

wsing (=g 3-5) ;
— b (L, T;) =970 -bn (4500)= /.29

o~ =

7

./ZH/V,’(M) = a(; + /8, m =

US Army Corps of Engineers

TM 5-809-10—-1/NAVFAC P-355.1/AFM 88-3, Chapter 13, Section A
Linve Source /.
/ = = Jogs 7. =/50ygyears M_ .  =7.5
l—l - —~ 'I J mu § 7 war
An N, M
N, 7) [(x-= %2)"| (4-5 ) (%-%)
= Y x |(y-5) [(x=%)|(x- Y=g /(%=X
/ o 7. & -/,.33 /,06 l1.12 -/.4/
2 0:69 6:6 -0164 0.26 0,07 —‘00 /5
3 /c/a ‘:5 —0:23 04 /‘ 0;03 -’0104
4 /.39 6.3 0.06 |—0.04 o o
5 /16/ ‘IZ O:Za "'00,4 0.0; —_0104
(A /79 e./ ©.96 |-0,24 0.06 -0.//
7 /.95 5.9 o.62 | ~0.4¢ o.19 -0,27
==|/0.6/ 50 7 F=| /.90 —2.80
g = ’_0‘?_?’ /.33 x=%°.;.7=. .34
= x - -2.50
/3 = 7 9)( z )_ ——2 = —/'32-
/ S(x-%) /.90
<, = Y-8, =/33-(-132)(.3¢)=9.70
M N, =<, +383 M= 9.70-/(32M

> /year Bas/s

/02?—/032/‘4’7

for mm < 7.5

Figure D-2. Recurrence relation caicuiations for source 1.
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\' Regression Line

\ 1an(m‘)=9.70—l."§2m

o
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max

US Army Corps of Engineers

Figure D-3. Recurrence data plot for source 2.
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o i 4l o ) ST R D A
i1ail 1vi] — 1I1 1D LIIT>T t:quauuub lb tirat wiilcil Laill pluuuu: Lllt:

_ _ IRNT attenuated value of PGA = 0.20g at the building
P [M; < m]=P(om,t)=exp [-N", (m) AL t] site when the earthquake event occurs at the
where N'; (m) = a'; + Bim. center of the increments AL and AA of sources
1 and 2 respectively. In order to determine these

Similarly given an area increment AA and t for ; L _

magnitudes it is necessary to divide the sources
source 2,

into elements, measure the element-to-site dis-
PIMo=m]=P{om,t)=exp [ -N'2 (m) AA t] tance R, and then use the attenuation relation

here N’ . in Step IV. Figure D4 shows the element mod-
r m) = a'2 + B2m \

where N, (m) 2+ B2 eling of the sources.

The value of magnitude m to be employed in

O\ \ A4, AA,
N

LINE SOURCE 1. AREA SOURCE 2.

L=30 km A=400 sg km

n=3 Elements n=4 Elements

AL=10 km AA=100 sq km
Transmission Path A Transmission Path B

For the given PGAj=O.20g ,the OASES attenuation curves
in figure 3-23 provide the magnitudes m, for each of

the measured element to site distances Ri

SOURCE 1. SOURCE 2.
i Rikm m, i Rikm mg
1 15 6.5 1 22 5,0
2 18 6.7 2 28 5.3
30 2k 7. 3 32 5.7
US Army Corps of Engineers L 37 6.1

Figure D—4. Source location and element properties.
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depth travel path, and site soil characteristics.
With the measured source element-to-site dis-
tances R given in figure D—4, and the given ob-
Jectlve P(:A 0 20g = 196cm per second squared,
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abzlmes. With the magnitudes m necessary to
produce PGA = 0.20g at the site, the normalized
recurrence relations are used to evaluate the
correspondlng rate values of N’ l(m) and N 2 (m)
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vl - P[PGA =
is the total probablllty of no exceedence of 0 20g
at the site. This total probability is the proba-
bility of the intersection or mutual occurence of
the occurences of (M = m;) at all of tne elements
AA;
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for elements AL and AA Accordingly, for the
glven level of PGA = 0.20g and the future time

= 50 years, the elements AL; and AA; are con-
sidered as point sources with seismicity rate N,
{m;) AL t and N’, {(m;) AA t respectively. Here

_____ o PRUSR ¥ T S SRR PR Y S NP TEILY WL DA Preere |
101 €©alll CIclIclil 11; 15 L11C lidgIlllt iae i1evel
necessarv to nroduce N 20 at the cite aving

LL\—QO“AJ v yluuu\_b v H\Is AL LiIiL Vil llu'lllé
the normalized ra tes N’}(m;) and N'z(---.) from

probabilities of no magmtudes m; capable of ex-
ceeding 0.20g at the site are:

P[M; =m;] = exp[—-N'; (m; AL t]

P[M:=<m;] =exp[-N'2(m) AA t

for elements AA; on source 2. Since each point
source is assumed to be independent of the oc-
curences of events on the other pomt sources,

e
V]
2]
=l

[ Il
&
o
o

Q
I:'.

rce: P
Droduct of all of th
abilities exp [ -N"; (ml) AL t] ‘and equals (be-
cause exponents are added), exp [ —EN’; (m;)
AL t]. Similarly P[PGA = 0.20g] due to source
2 1s exp [ -XN’; (m;) AA t]. Finally since each
source is independent of events that may occur

D-6

b AL b ST - Py ~

1 CUIoOH O LHEDILE curve. 1€
ralenlationg ag narfarmed faor PG = N200 are
caiculiatlions as periormedad Ior r GA; v.2ug, are
repeated to evaluate P [PGA > PGA; ] for suc-

(0.10g, 0.15g, 0.25g, and 0.30g). The 51te hazard
curve is drawn through the plot of the calcu-
lated hazard values verses their respective PGA;
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level of ground motlon can be taken dlrectlv f Tro
the curve at the 50 percent hazard value. The
curve gives PGA 1 = 0. 23g

for EQ-I. The soil conditions correspond to
'S "I P2 ) TP AP RPN D AacAafmad 1 marasaTa T
LIIUSE 101 LIIC SOI11 C1ddS 1 dS5 acHneu lll pdrdgrdpii
2 ARF(A) It 1ic thorafaroe indoad that tho Kira.
T JViI\v) AL 10 LIIVITVIVITL jJuUUusglLUu LAl uuiv naio
midjian and Shah mean DAF sl ape in _ﬁ.gur

approprlate for the site. Havmg the scalmg PGA,
= 0.23g, the EQ-I acceleration response spec-
trum S,; is found by multiplying the selected

DAF shape by 0.23g. This S, is shown in figure
N £ T+ clineslAd 2Alon ha rvmantianmad $hhad #4hhna ATO
1J—U. 1L DI1VUUIU AiIdDU DT 11ITI11L1I01ITCU Liidl Liic A l1uUu
ALNOE recennnce cnectriim chane (nara 2_8) far
3-06 response spectrum shape (para 3-8) for
the soil type S, as scaled by the PGA; = 0.23g,
would have been suitable for this site
| Y ] [ PN S PRY PRy gy PGy R ey [P
W—J. INMITOoQULTIon 10or L mputer :xumples
2 eaned ?
ilINE e
it is assumed that computer programs for seis-
mir hagard analucic crirh agc tha C+anf Cahic
11110 11AAail1u allalyblb SULl1LI ad 11T Ot ICTID-

for use. A Comnlete ﬂow Char escnbm the
seismic hazard methodology is presented. This
will be followed by numerical examples describ-
mg the separate stages of the model. It is im-

D-8 shows fur-
ther subtasks within each of the three stages
outlined in figure D-7. In most of the available
computer programs, the plotting programs are
usuaiiy system dependent. In the examples, it
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< L a— L / /\/ - I l/.“ —J-_ LA s amm o~
—ovRecs |/, L =/0RKvm , T = 50 years
’
‘Zn/\{ (m)=129 —/. 32
E/em

. PR l~lAl'/ \ A/'/ﬁ_ﬁ\x/04 A/'/”.ﬁ\f/\l.t

2 £ AN (m) | N () N A PATAY S

2. C.7 —-7.8%5 5.26 0.263

SN ()ALt = 0.740

“— /N (7 el

P[PGAco 2047 e fo Source!
_.—..-exPL Z.N “Om ) - ALtj—exPL—owlo_/ 0177

SouvrcE 2. AA=/00 sq Ak €T =5%50years

E/em ! ' s )

C m; | in Nz(/m) Nz(m)x 107 N, (m)-AAL

/ s.0 |—/0.¢4 2,29 o.rzo

2 5.3 -/0.93 /1,79 0.090

3 5.7 -//.3/ (.22 O0.067

G./ —//.68 0.85 0.043

< A1l 7 Y\ AA.d = N 24

4!‘4:-(/'7‘4/'“#1 C= U, 27T

P/-P&A 4@_20:3_] due +o Sourc 2.

e 2
= exp /’-ZNa(rm)oAA'ﬁ] = ex_,o[-o,3/47= {).73/
P[péA 50.20_3;] due to both sources

(0.¢77)(0.731) = ©0.349
Hazard = P/PcA >0 204 )= /-0,349 =

L A < g ' L A I |

Q

65/

US Army Corps of Engineers

Figure D-5. Probability calculations for event combinations giving the hazard P [PGA > 0.20g].
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A P(FGA>FGA;)

100.0% .\
\\/Example values,not calculated
65.1%} \-‘\
50’0%
\
0.20g
\ = PGA. in g's
0 0.23g=PGA J
& I
SITE HAZARD CURVE
lbaI in g°s
0. 50¢ 1 /f\\
/ \ 5% Damping
0.23g Y N
. 4 I can
0 1.0 2.0 ToEET

SITE RESPONSE SPECTRUM

Figure D-6. Site hazard curve and scaled site spectrum for EQ-I.
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section will

analysis.

"""" |l
Ticgsira T_ 0O chanwwe 2 licting nf anarnthasialrac FAan
P s 5UI.C AJ—J DI1IIUYYD a ll.bl.lll.s Ul Tail l.uqua S 1U1lL
a region between 1850 and 1967. There were 18
events with magnitudes between 3 and 5.5. The

data base is for a 125 year time period. The for-
mat in which the data is read is given in section
6.3 of STASHA. A log-linear recurrence rela-
tionship of the form needs to be htted to these

ormahzatlon) A mag-
nitude increment of 0.2 is used to compute the
cumulative histogram. It is assumed in this ex-
ample that a single log-linear line will suffice to
descrlbe the source selsm1c1ty An upper cut-

~m O

g e
ee para 3-3). Fi
of the computer pro 2 am Wthh gives the re-
currence relationship. The following nomencla-
ture is used in figure D-10.

NBRC = Number of earthquake
i

records used in the analysis
ADTA — Aran nr langth AFf tha
a9V EPeN = J4falta Ul ICligLil Ul LT
seismic source under

consideration. (In this
example, it is shown as zero
since normalization of a is
not needed)

RMBK = Breakoff magnitude
Maan = Maoaan nf tha indanandant
LATIVALC QALY AVACU A1l UL LI lllucycllu&llb
variable (Richter magnitude
in this case)

YV AMMann — AMManm ~nfF tha Aarmarndans
I-ivicall = lvitadll Ul LI1IT ucpciiuciit
variable (number of
earthquakes, log-scale)
VIITAD e YT s nom v AL e A s
AV AID = vdilalCc Ol HIucepeliuciie
var: Q'\ID
vaaiiawvie
YVAR = Variance of dependent
variable
COVARXY = Covariance for X and Y.

VAR(LNNM) = Variance of the log to the
base e of the cumulative
number of occurrences.

TM 5-809-10—-1/NAVFAC P-355.1/AFM 88-3, Chapter 13, Section A

STDV(LNNM) = Standard deviation of
{LNNM).

CONF. VALUE = Value of t-student’s
distribution for the fitted
line.

UPCNF = Value of upper confidence
interval for a given RM.

DNCNF = Value of lower confidence

interval for a given RM.

Figure D-11 shows the fitted recurrence line to-
gether with the data points and the confidence
interval. Note that the regression line is ex-
tended beyond the last data point in order to
mtercept the cutott magmtude lm n the above

.t—ll

a
was used to relate In N(m) to m. Close exami-
nation of figure D-11 shows that the regression
line does not fit well to the data. For example,
for the magmtude range between 4 and 5, the

ber of occurrences, and beyound the 5.0 mag-
nitnda tha Attad lina Anvaractimatag tha
niiLtuuc LiI1IT ii1LLcCu 1111C UuyvyTciLTCOoL1IIi1AQiLeo L11T
cumulative number of occurrences. 'T‘hus it seems

4.2. Figure D-12 shows the new output format
and figure D-13 shows the bilinear fit. The re-
sulting recurrence lines provide the mean num-

magnitude m. This rate is used in the Poisson
mandal fnara A_A) +tn agtimata tha nrahahility AF
1iuvUucs \pax a vTT) LU LoLlialc uiic yl vuvawulliiL vl
future activity for a given source (Step III)

D-5. Example 3.

In this example, the seismic hazard at a site in
terms of probabilistic peak ground acceleration
will be obtained. Figure D-14 shows a seismic
region with two line sources and one area source.
Occurrence data for each of the sources are

glven in fi
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On o =
o ®

14) for a tlme perlod of 50 years i equlred. For
this purpose, the following assuiaoptions are

the region) have been classified as shallow\ +h
hunnrantare haturaon N and 18L:m
31 PU\.CIILCID WU LYYCTi1 V AQillu 1vniil

b. The average depth of the three seismic

sources has bee set equal to 10 km (0.087 de-
grees for the particular geographic location).

D-9
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¢. The length in degrees of th

i 22T aCiip -...

are, respectively:

2 ~ 1 _ No
Line Source 1 = 0.8

Line Source 2

These lengths have been obtained in the follow-
ing manner:

_— —~E
v
/

xe,Ye)

Line Source

M~ s O _ O T afr 0 _0\2 7.0 _0~\2
urigim (Xo,Yo) L= V{XeXo) T Ye¥Yo)
A ha rading {in dagraag) nf tha araa cnureca
u. 11 1dAdUliud {111 UTEITTO ) Ul LlIT aiva SvulLlo

and is defined as the distance from the centroid
of the epicenters associated to the source to the
most distant epicenter in the source.

e. From regression analysis the following
recurrence coefficients have been obtained
(Step II).

L,me Source 1 (bi-linear recurrence relation-
l’i.L-PHA.l = 2.58, BETAl = -1.09, ALPHA?2
= 24.00, BETA = -4.55
Cutoff magnitude = 6.8, breakpoint
magnitude = 6.45
Line Source 2 (bi-linear recurrence relation-
ship)

AT MIT A N 117 MM AT nrra AT DMDIT AN
ALPHAIL = 3.17, BETAlL = -U0./14, ALPIIAZ
- 7018 RETA2 —- 1924
= IJ.1Jy D112 —™ P e g

Cutoff magnitude = 7.8, breakpoint

magnitude = 6.50
Area Source 1 (bi-linear recurrence relation-

ALPHA1 = 0.14, BETA1 = -0. 07 ALPHA2
= 79.90, Bh TAZ =

m dglllluuc = 0.9, DICAKPOIIIL
maagnitnda = AR 1
llluslllbuu\a V.4
li

degrees) or area of source and the resultmg
recurrence rates are used in the Poisson prob-
ability model (Step III).

f. The attenuation parameters b,, b, bs, and
c in eq. 3-21 for PGA are as follows (Step IV):

b, =0.00429937

b, =0.8060
bs =2.000
c =0.3673769

ebruary 1986

g. Coordinates for sources ar

tes site.
Line : X-coordinate of origin = 30.50°

Source 1: (longitude)
Y-coordinate of origin = 31.97°
(latitude)
X-coordinate or end = 30.92°
{longitude)
Y-coordinate or end = 32.62°
(latitude)

Line X-coordinate of origin = 30.51°

Source 2: (longitude)
Y-coordinate of origin = 31.75°
(latitude)
X-coordinate of end = 31.30°
{longitude)
Y-coordinate of end = 31.00°
(latitude)

Area X-coordinate of center = 32.39°

Source 1 (longitude)
Y-coordinate of center = 31.078°
(latitude)

Site X-coordinate = 32.00°

{City2): {longitude)

h. The input data format is given in section

2 of ST. AbHA Figure D-16 shows the listing

exceedance for each discrete value of
the ground parameter of interest (PGA discre-
tized at 0.05g intervals) under the heading
“Probability Distribution of Peak Ground Ac-

(o]

(

(R 1 i

parameters plus the probabilities
a

ceieration”. Figure D-17 shows a plot of the
PR [ R Taslcin Alntailheadline £oaom
colnpicieiildlry culiulatuve uisiur IiDULion rumnc-
tinn ar hazard Fruirvae far tho City 2 Fram fiognure
LiIVII VUl I1QLALU LUL VYU 1LUL LIl UILJ bde A AJLIEL lls L& ¥
D-16,

Ty 7 A - N TN\ n e n

F{A < VU.1Ug8) = U./0l14Z

Thus, for city 2, there is an approximately 75%
chance of exceeding 0.10g at least once during
the next 50 years, or 25% chance of not exceed-

lllg U lus uu1 lllg l.llt: >SAllle I.lllll',' pCl 1uu ﬂCllLe,
P(zero exceedance of 0.10g in 50 years) = 0.25

(1) From the binomial probability law, it is
known that for independent trials with proba-
bility of success p at each trail, the probability
of r successes in n trials is given by

P.(r) = () p" (1-p)™"

-
I

,nand (}) =

nanalarnad: P Parar= ng that avant cavhan
aALLTITL AllVUll. 1111T SULLC ad Lllal TyvCliL wilicil
the neak ground acceleration for a given trial

1€ peak ground acceleration ior a given trial
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(vear) exceeds 0.10g. T
(year) exceeds (.10g. 1

zero successes in 50 years is the same as the
probability of zero successes in 50 trials. Hence,

P:o(o) = (°°) n° (1-
LU \o/ MV \2

Then having

p = 0.027

Therefore, for CITY2, there is a 2.7 percent
chance that in any given year, a peak ground
acceleration of 0.10g will be exceeded. The cor-

mcrmmm Ay Dot Do~ DD I OTTUNY £
responding neiurn rerioad nr in uii Yz 10ra
naal: agaraiind accalaratinn nf N 10a ¢
pran £10UUlLlIU AQllliTlalivuli vl v.1vug 1o

(3) Similarly, using the complementary cu-

Similarly, using the complementar
mulatlve distribution function computed for
“CITY2”, a table of peak ground acceleration
and return period can be developed and plotted
to obtam a curve referred to as an Acceleratlon

e
0. 12g (corresnondmﬁr to a T2-year return pe-
riod); and the PGA}; value for EQ-II would be
0.145g (corresponding to a 950 year return pe-
riod). These PGA values for EQ-I and EQ-II are
not very different in this exampie because the

b )

example site has relatively low seismicity and

tha thraa gcnnirrac hava lnw mavimuim maaoni_
LIIT LI1IETT ODOUULLTD 11AQvU 1UYyY l1i1iQAailliiuii lllaslll
tudes.

f!
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Figure D-7.

Untreated past sgeismi

c
events gathered for the
region (raw data file)

I
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I STAGE NO. 1 I
= 3ata I
Marmon & ommmos
| S l SRR
v

Treated past seismic
events (data in com-
piete form)

a

|

7
!‘: STAGE NO. 2 _.-!
I (Seismic source modeling l
| of the region) I
m%—_g

]

4

Seismic Sources and
recurrence relation-

P T P
s0ips

!

STAGE NO. 3

(Seismic Hazard Model)

P ey O Y
I |

wlz
w

Future Seismic Loading

Scheme of present seismic hazard methodoiogy.
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records for direct
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Figure D-8. General flow chart for seismic hazard analysis.
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by judgement

II. Stage No. 2—Seismic Modeling of the

| ————

1
se Program |
LOT.EPI l

J

2
 C

(1) I Locate seilsmic sources using
I geological information and
I judgement

L

| §
|
L
o[ N
IUse Program I
I rReGrRESSION.ANALYSIS ]
L , |
|
l

I1I. Stage No. 3--Seismic Hazard Model

US Ammy Corps of Engineers

]

Figure D-8. General Fiow Chart for Seismic Hazard Analysis—continued.
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(1 1
Classical - |Baygsia_n
Approach ¥ _ . . . . . IApproac
A Select Seismic Hazard Model '———--.l
| ] }
|
' %
| 1lea PyrAnovram I
() 1 sorr.mMacGNITUDE H
L l ~
(2) |
A— am JL’_._.—___
I I PN - I
Use Program (4) ' Use Program *
| | |
I ACC.LINE.AREA r . i SEISMIC.HAZARD l
L — l .
4
f —
N |
(&)) Use Program l
I CONST.PROB. l
L y -
|
|
e a— co—ee———
Iy 1!
1 -
(6) [} Use Program l] . _~ System dependent
° ll PLOT. 150 I '/V
1! B K
| ni— |
.

US Army Corps of Engineers

Figure D-8. General Flow Chart for Seismic Hazard Analysis—continued.
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NN NNU SR ERRKNEAPAERNEUN NI RAENENANRRRBNEGE TR CUERNPERANSRUANEA VBN ERABERETP PN NN

s DM Y H N L L € m R D H H N M s
0O A0 E O A o L N A E S B R R Y
u Y N A U N Y M A I D P i z H
R T ? R U 1 6 S 1T B
c H A ¢ 1 s U M o
3 E U T 3 i
0 v
€ o
t
ISR 2 22 XX 22 2 IR 222222232 2RSSR ARSI SRR R RSN 2 2R 2 3
A.CRAN 17 12 1850 12 30 35.500N 07.600E 6. «.61 6.8 1
A.GRAN 17 06 1v03 00 24 36.500% 07.500E 7.5 §.25 5.25 1
A.GPAN 06 08 1908 62 11 36.400N 06.600E D 8.0 5.10 5.10
A.GPAN 03 12 1928 05 30 36.400M 07.200E D 5.00 5.00
A.GRAM 10 02 1537 16 16 35.400H 07.50CE D 9.0 5.40 5.40
A.GRAM 05 08 1947 09 &5 36.300M 06.667E D 8.5 5.30 5.30
A.GRAN 27 10 1947 10 29 37.600N 08.500E D 5.5 5.40 L
A.GRAN 22 11 1930 02 &3 36.100N 67.200E E 5.0 4.10 L
A.GRAN 01 04 1952 04 21 36.500N 07.300F E 6.0 4.50  4.50
A.GRAN 12 0% 1952 16 23 36 500N 07.300F E 5.5 4.20  4.20
A.GRAN 23 05 1955 06 37 35.400N 07.300f € 7.5 5.00 L
A.GRAN 26 05 1956 D1 SO0 36.000N 08.100F E 7.0 .15 L
A.GRAN 02 09 1958 12 26 36.500N 07.400E F 5.0 3.55 L
A.GRAN 14 11 1959 16 10 36.400N 07.500F F 4.5 3.05 L
A.GRAN 05 03 1950 04 %8 36.600N 07.100F F 5.5 4.00 L
A.GRAN 02 12 1951 12 40 36.500N 08.200E 5.50 5.50
A.GRAN 14 03 1953 12 25 35.200N 06.100F E 7.0 a.40 L
A.GRAN 14 06 1967 23 4% 36 500N 07.800f .30 &30

US Army Corps of Engineers

Figure D-9. Earthquake listing for example 2.
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DECOESSION ANALYSTIS
LINC2Q-LH SCALE ‘2RC AREA RMOK
SANPLE PROJLEH | 18 0.0 4.200
NUNBER OF RECOADS INCLIMED 18
0.0
ARS? 125,00
HAGHITUDE 3.00
€ INCRENMENY FOR COF .28
XE MAGNITUOES
60 5.20 s.10 5.00 5.40 5.30 5.40 4.10 .50 4,20 s.00 4.10
50 3.00 4,00 $.50 4,60 4.30
H INTERVAL CUMULATIVE FREGQUENCY
INTCRVAL FREQUENCY OCCURRENCES ABOVE RM
3.00 - 3,19 ] 18. 3.00
3.30 - 3.37 [} i7. 3.20
3,40 - 3.59 t 17, 3.40
3,60 - 3.79 0 16, 3.60
3.60 - 3.99 ¢ 16. J.o0
©.00 - &.19 3 16. 4.00
4.20 - 4.39 e 13, 4.20
8.40 = 4,57 t4 ", 4,60
4.60 = 0,79 1 9. 4.60
4.50 - 4,99 0 8. 4.80
5.00 = S.19 3 8. $.00
5.20 - 5.39 2 5. 5.20
5.40 - 5.59 3 3. 5.40
TWO STRAIGHT LINES WILL BE USED TO FIT THC DATA
OREAK POINT MAGHNITUDE 4.20
7 FOINTS IH THE FIPST LINE
7 FOINTS IN THE SECOND LINE
JHTERCERT ANO SLCPE OF LINE 1
STATISTICS FOQM REGRESSIOH LINE SEGMENT =
X-HEANZ 3.57999 Y-HEAH2 2.77707 XVARs 0.16003 YVARS 0,00%18
COVARNYZ  =0.03307 COEFF. OF VAR.=® 0.74502 VAR(LIaM)e 0.00328 STOVIUNRR )= 0.05723
ALPHA  3.521118
BLTA <-0.2068679
INTERCPT AT 3. LR 6. 7.
16.19374 12.03300  9.70686 T.95%¢
INTERCEPT AKD SLOPE OF LINE R
STATISTICS FCPM REGRESSION LINE SEGMENT = 2
X-MEANE 4%.79997 Y-MNEAME 2.00104 Xvafm 8_t1400% YVARS® 0.21342
COVARXYS  <0.17410 COEFF, OF VAR,.s 0.88750 VAR(LNIm )= 0.03361 STOV( Ut )e 0.18334
ALPHA  7,225738
TITA -1.007%85
IHNTERCPT AT 3. S. 6. 7.
52.56633  5.96716¢  2.01046 0.67737
INTERSECTION FOINT
NAGKITUDE .20
Ll OF N 2.65

US Ammy Corps of Engineers

Figure D-10. Output for recurrence relationship, example 2.
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Figure D-11.
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Log(N(m))

Figure D-13. Bilinear recurrence relationship for example 2
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EARTHQUAKE DATA SORTED BY SOURCES
R e R R R Tt R e Yy R T A T T T Y R P AL R R R A A R R TR Y 2

S DH Y HH L L € H R b M H H H s
(o} A O E D 1 A o L [ Y ¥ E s B R R Y
U Y N A U N A N A X 0 P 1 2N
R T R R VU b { [ $ X T B
c N T T 1 s u M 0
E E U T s L

D V]

£ D

E

2 2 2 222332 P2 RSS2 2RSSR - 3222222320023 2R N2 222 R X2l ]l
LINE SOUSCE 1 (8 RECCRDS)

A.GRAN ©0C 03 1900 07 00 32.600H 30.750F

A.GRAH O3 05 1902 05 00 32.500N 30.900E
A_GRAN 05 03 1905 0f 00 32.350N 30,900F

A.GRAN 05 ©3 1912 02 00 32.000N 30.500E

A.GRAN 08 01 3920 02 30 32.200N 30.70CE
A.GDAN 04 03 1935 DO 30 32.000M 10.600F

RSN AN vE YO sTO2 VY SV 2L.VV P-4 2

A.GRAN 03 038 1973 €S 30 32.400N 30.750E
A.GRAN 06 041976 05 00 32.150N 30.530E

NE SQURCE 2 (©Q RECORD3)

L SwWRe

0% 69.1916 01 00 31.600N 30.530E
06 08 1921 09 10 31.700H 30.650E

D4 O 103 (L XN X1 LCNA Tt ANNE

3755 15 &V SisTIViY Slewvila

10 €S 1937 01 15 31.200K 39.900E
04 12 1540 03 00 3!.25CN 31.20CE

= -
$2 0V 1972 11 05 B1.75CN 30.900¢C

t1 05 1975 0t 15 31.500M 30.750F
01 03 1976 08 12 30.590H 31.250E

n-n T a *Nn . &
01 07 1578 €3 &5 30.500N 32.%28E

DURCE 1 (15 RECORDS)

17 02 1923 08 00 31.050N 32.35CE 4.35
i6 01 1925 14 00 30.700H 32.700¢ $.690
30 11 1S25 12 15 31.509N 32.400F 3.50
14 02 1948 01 00 31.T50N 32.459%¢ $.60
i3 06 1959 13 30 31.i50H 32.600¢ 3.80
18 11 1651 02 15 31.30CH 32.150E 7.00
15 05 1953 06 35 31.100M 32.09CE 5.60
02 12 1558 05 15 30.900N 3i.830F

RAM 18 DY 1640 0% 18 30.620H 32.250E

RAN 03 Ot 1955 13 14 30.55C0N 32.570%

o o o0 s
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GPAM 04 10 1559 0Z 00 30.850H 32.150E
GRAN 03 12 1970 10 12 30.350M 32.57CE
.GRAM 17 €3 1972 13 05 30.850N 32.460E
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GRAN 08 11 1973 15 00 32.600H 32.750E
LGRAM 16 10 1976 10 00 31.400N 32.650E

wooownwownoooooooWn

("R N R RN N

Viooownowno

HUDUHUUIUWN
. . -

'o;nm'o-bmcn

Figure D-15. Earthquake listing for sources in example 3.
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PAOSPAM ACC.LINZ.AREA (SAMPLE PROBLEM)
ATTEIUATION COMSTANTS

81T 9.42993700-03 B2r 0©.8000C00D+00 B3Ir 0.20000000+0% B4z 0.3673769D400
DELTAL = $9.50000000-01 DELYAC = 0.50000000-01

TINE PERIOCOS
50.00
ACCELERATIONS
0.05 .10 .15 e.20 .25 o.30 e.38 0.40 0.45 ®.50
0.55 0.60 0.65 9.70 0.75 0.80
LINE SOURCES
[TTITTTTY 2T ]

LINE SOURCE 1

ALPHAY BETAY . xi xiL2 148 viz 18

0.255000401 -0.10900D¢0! 8.30500D202  £.30920D+02  £.319700:02 0,37420De¢D2  8,A7000D-01
SECOND REGRESSION CONSTANTS

ALPHAL2 BETAL2 L

0.2640000402 ~0.45500D+01 0.645000+0% 0.680000+01
LINE SOURCE 2

ALPHAY BETAY xLe xLe 148 Y2 18

©.3170060+01 =3.74000D0480  ©.305100:82  $.313000+82 $.317500+02 ©.310000+¢82 $.870000-0%
SECOND REGRESSION CONSTAMTS

ALPHALZ STTALL L

(3¢
0.791500+02 ~0.12400D402 ©.630000401 0.780000+01

AREA SOURCES
HERRRERGN SRR

AREA SOURCE 1
ALPMAL BETAL X0 Y0 L] KA
0.140000400 =0.700000-01  ©0.323900402 ©.310780+02  0.749000+00 ©.870000-01
SECOND REGREISSION COMSTANTS
ALPHAZ BETA2 m
0.79900D402 -0.13040D+02 ©.61500D+0t  0.65000D+01
Sundnpusned PROBADILITY DISTRIBUT ION OF PEAK GROUND ACCELERATION
oan

SITE OF INTEREST (CITY 2}
GEOMETRIC CCHSTANTS .

NL= 4 "= 1 aUxX= ] NYMAX= ] NT= 1

SITE LOCATION

Xz 32.000 Ya 32,040

TINS PERIOD = 50.00 YRS

PGA = 8.0500 e.t1000 8.1500 ©.2000 s.258¢ $.3000 $.3508 ©.4000 e.4508 ©.5000
P(Y>Y0) 1.0300 0.7512 0.00%3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(485012 $.0038 $.3488 $.5557 1.0000 §.0000 $.0000 1.0000 $.0000 1.6000 i.0000
PCA = 0.5500 0.4000 ©.6500 0.7000 0.7500 0.8000

PIV>Y0S 9.0 .9 $.9 9.0 8.0 9.0

PLYCYO) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

US Army Corne
Amy C

Af B
Yo AM VipPsS O1 ©

Figure D-16. Output for recurrence relationships and site PGA probability distribution for example 3.
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Table D-1. Return period vs. PGA for CITY 2.

PGA in g Return Period
units in Years
0.06 18
0.075 23
0.100 37
0.110 63
0.120 87
0.130 141
0.140 358
0.150 10000

US Army Corps of Engineers

D-26



TM 5-809-10—1/NAVFAC P-355.1/AFM 88-3, Chapter 13, Section A

27 February 1986

=

ey Sindubgunms oy

—

.
100 |

81824 uy (gd) poyiad uaniay

ineers

US Army Corps of Eng

8. Acceleration zone graph (AZG) for CITY 2.

Figure D-1

N
N

d



27 February 1986

TM 5-809-10—-1/NAVFAC P-355.1/AFM 88-3, Chapter 13, Section A

APPENDIX E
DESIGN EXAMPLES—STRUCTURES

E-1. Purpose and scope.

This appendix gives illustrative examples for de-
signing and analyzing various types of lateral
systems in accordance with the criteria and pro-
cedures of chapters 4 and 5 of this manual.

E-2. Use of appendix.

The design examples are purely advisory; they
are not intended to place super-restrictions on
the manual. This appendix is not a handbook
for the inexperienced designer. Neither the
manual or the manual supplemented by the ap-
pendices can replace good engineering judg-
ment in specific situations. Designers are urged
to study the entire manual.

Table E-1. Design Examples—Structures

Fig. No. Example No. and Description

E-1 E-1 Sample modal analyses.

E-2 E-2 Box system. A 2-story building with bearing walls in concrete using a series of
interior, vertical-load-carrying columns and girder bents.

E-3 E-3 Steel ductile moment-resisting space frame and steel braced frame. A 3-story build-
ing with transverse ductile moment-resisting frames and longitudinal frames with
K-bracing.

E-4 E-4 Concrete ductile moment-resisting space frame. A 7-story building with a complete

ductile moment-resisting space frame in concrete without shear walls.

E-1



TM 5-809-10-1/NAVFAC P-355.1/AFM 88-3, Chapter 13, Section A 27 February 1986

)
m
m
'
—

SAMPLE MODAL ANALYSES:

Purpose. This example is presented to illustrate the method of
obtaining story forces, accelerations, and displacements from given
building characteristics and ground motion response spectra. The
results are shown in a format similar to the sample format used in
the equivalent static force procedure of the Basic Design Manual,
table 4-4. Thus,; a comparison of static force procedures and
dynamic analysis procedures can be made. The data in this example
serve as a back-up for the examples given in paragraph 2-5c¢ of this
manual. The results are graphically displayed in figures 2-9 and
2-10 of this manual.

Description of Structure. The data on sheets 3 through 6 are based
on the characteristics of a 7-story reinforced concrete moment-
resisting space frame building. Sheet 7 represents a 30-story
building. The model for this building was developed by expanding
the 7-story building characteristics. Each story mass (w/g) of the
30-story building lumped mass model was assumed to represent 4

stories similar to those of the 7-story building (i.e., the indi-

cated story plus one-and-one-half stories above and below). This

was done only for illustrative purposes to demonstrate the influences
of higher modes of vibration for taller buildings with longer

perlods of vibration (refer to para 2-5c(3)).

Response Spectrum. The modal analyses were performed on the basis
of the S-percent damped response spectrum shown in figure 2-8 of
this manual.

oy

3

€es Pe S. Story mas taine om
the calculated story weights the building. A mathematical model
of the building was developed from the section properties of the
structural system. The building was modeled as a series of two-
dimensional frames. A computer program that analyzes two-dimensional

framing systems was used to determine the periods and mode shapes
~L &L

Masses, Mode Sha apes, an

N

[e] O

i macegecg ers r
- asses were A

nd r
eig i

— \.(
—

Ha| L
(o gl e ]
3

al 2

PO

of the first three modes of vibration. 1In this computer program,
each mode is normalized for I(w/g)¢? = 1.0. The mode shapes are
shown in figure 2-6 of this manual. In figure 2-6, the modes are
normalized to a value of 1/2-inch at the top story.

US Army Corps of Engineers
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Figure E-1. Sample modal analysis.
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Modal Analysis. to Determine Total Base Shear and Story Acceler-
ations. Sheet 3 illustrates a hand-calculation procedure to
determine the total base shear and the story accelerations using
mass, mode shape, period, and response spectrum data. Equations
4-1 and 4-2 are used to determine the participation factors. The

spectral acceleration (S;) for the period (T) of each mode is
determined from the response spectrum. The story accelerations (a)
are determined from equation 6-1 and the base shears (V) are

determined from equation 4-4., The sum of the participatio

factors (P.F. and o) add up to 1.08 and 0.986, respectivel}. These
values being close to the value of 1.0 indicate that most of the
model participation is included in the three modes considered in
this example (refer to paras 4-3c¢c(1)(b) and 5-4c(2)). The story

accelerations and the base shears are combined by the square-root-
of-the-sum-of-the-squares (SRSS) on the last column of the table.
The modal base shears are 2408 kips, 632 kips, and 200 kips for the
first, second and third modes, respectively These are used on

ts to determine story forces. The SRSS base

o
wr

T
wm o

T

Story Forces, Accelerations, and Displacements. Sheets 4, 5, and
6 are set up in a manner very similar to the Basic Design Manual,
table 4-4. In the static lateral force procedure, wh/Iwh is used
to distribute the force on the assumption of a straight line mod:
shape. In the dynamic analysis, the more representatlonal w¢/Yw
is used to distribute the rorces or ea d

t ”

AT eI maTe T oan v o -

-

ts
r\rl Modal stor

nva., Mivuald SV

d
he same

off). The SRSS of the accelerations of sheet 3 are roughly esti-
mated in the static procedure by the bracketed quantity in equation
3-9 of the Basic Design Manual and are listed in the last column of

table 4-4 in that manual. Modal story displacements (8) are cal-
culated from the accelerations and the period (equations 4-5 and
6-1 of this manual). Modal interstory drifts (A§) are calculated
bv taking the differences between the § values of adjacent stories.
The values shown on sheets 4, 5, and 6 of this des1gn example are

summarized in table 5-3 and are plotted with the SRSS combination
in figure 2-10.

Thirty-Story Example. Sheet 7 shows the model analysis for base
shears and story accelerations for the 30-story example. This
parallels the 7-story example on sheet 3. Parallel tables for
sheets 4, 5, and 6 are not shown, but the results are summarized

in figure 2-9.

US Aymy Corps of Engineers
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Figure E-1. Sample modal analysis—continued.
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DESIGN EXAMPLE: E-2

BUILDING WITH A BOX SYSTEM:
Descriptior of Structure. A 2-story hospital building with bearing
walls in concrete, using a series of interior, vertical-load-carrying
column and .girder bents. The structural concept is illustrated in the
Basic Design Manual, Design Example A-1

Initial Trial Structure. The building in Design Example A-1 of the

Basic Design Manual was designed for Z = 1.0 and I = 1.0 with a base
shear coefficient V/W = ZIKCS = 0.186. In order to utilize the same
structure in this example, the following conditions are assumed
Seismic Zone 3, 7 = 3/4
Hospital building, I = 1.5

Box building, K
Soil factor, based on Tg = 2.5 sec
Building period T < 0.3 sec

S 0.135

I

v

™~ n\

D

~
. L

(') 1]
C)

The base shear, V, for this example is 0.20W, which is close enough to

that design base shear in the building in Design Example A-1 so that
lbuilding will be used for the initial trial design.

Seismic Design Criteria. The building is to be designed in accordance
with the dynamic analysis procedures of t?is manual The following
conditions apply

Building classification: Essential facility

Ground motion spectra: ATC 3-06 spectra with A = AV = 0.30g
Soil profile coefficient: Type S3

Design Procedure.

Sheet

Introduction........o il . 2
Site response spectra.......... e 3
EQ-1

Seismic forces............. e 5
Capacities.......vcvivvenn.nn e 11
Deflections and period............ . i4
Commentary.....coeeeeevnen e 1S
cQ-11

Seismic forces............ e 20
Torsion check.......... ..o 22
COMMENTATY .« v e eveenereenenenonnns 23
US Army Corps of Engineers

Example E-2 1 of 23 Box Svstem

Figure E-2. Building with a box system.
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DETERMINATION CF SITE RESPONSE SPECTRA

SiTE SEVELTY
FIGVRES 3-40 To 3-43 Stow THE Al AND A,
AN ATC 3-06 SAECTRUM. Siae FAUTKS FR EQ-T AND
EQ-TI ALE OBTAINED BY INTERPoLATON BLTWEEN VAWES
IN TRBLE 3-4. VALUES USED IN TS EXAMPLE ARE

YALVES Fck

RS FOLLOWS i
ATC 3-06 | EQ-I | EQ-IL |
Aa 0.304 0.144 0.35¢ I
Ay 0.303 O.i‘-{"q 035‘3 I
SolL- PROFILE COEFFICLIENT, Si
ASSUME SoiL PROFILE TYPE S
Feom TABLE 36, S/ = I.5
PAMPING ADJIVSTMENT FPALTORS
VAMPING VRWES FRom TRBLE 4-I, DAMPING FAUDRS FEom TABLE 3-]
J PAMPING [PAMPING FACTOR
I o~ - ce7’ I~ l
I e~ 1 D fe i.0 l
H EQ-T o7 0.8 1
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|
US Army Corps of Engineers
Lexampie E-2 3 of 23 Box_System
Figure E-2. Building with a box system—continued.
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DESIGN RESPONSE SPECTRA Fok EQ-I AND EQ-IO
_~ FOR FIRST MODE
0.6 :/
[/
05 ! \ /EQ_'III, |5’|07o,_f\£=3g
/ \ /
Sa)% o4 5 /'4 K
| N
03 ‘ \ _—EQ-1, ‘5’5’/.,‘;\_,;.14
T\ N
02 /x \ / \
N\ 4 T
0.l
FOR HIGHER MODES ONLY \ I
0.0 : — . - I
1 i
00 1.0 2.0 3.0 4.0
PERJOD ; SECONDS
i
I PerO0pP o
i @8 0.0 |3-%5] 1.o | 1.5 | 20 | 25 | 3.0 | 4.0
| |
I €EQ-Ii5% S.‘,ﬁ .4 8 1.2se Lo | 28 |0z | L085 o4
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EG-T :DISTRIBUTION OF SEISMIC FORCES FRoM FROOF TO WALLS BELOW
- - . O O ~ - Nam A
ToOTRL MWEAR BELOW XOOF Fx (ns) 400 &
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Figure E-2. Building with a box system—continued.
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[
EQ-T: 32"’ Floor PLAN SHOWING DIRECT SHEAR AND TURSIONA L
SHenl. Fotles (€€ SHEET 10 FoR WALL ELEVATIONS)
© © ® @
1 ' ' ,
&= e
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My = TORSUONAL MOMENT

NORTH - SCUTH TDIRELTION .
FOL €ACH WAL | USE THE CALCULATED OR ACUPENTAL TCRSIONAL
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EQ-TI :PSTRIBUTION OF SEISMIC SHEARS AND OVERTURNING MOMENTS
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Figure E-2. Building with a box system—continued.
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EQ-T : CHECK PEMAND /CAPACITY RATIOS FOR PIERS IN 15T STORY WALLS
f
SHEAR Vmwfv; : V/¢A¢ Vﬂ?kuﬂ'%=1m+ﬁ% 226 F“;
. £ = (2 s = a =
MOMENT ! M ppum My = (EeMor) M ermmart M ~¢[}AS/d-;3/7_, %'40 ks
2%
ot V(E) rn miess
g * \/ A, T LA A - A .y v
~ v e “p Mig MRy Wie -2 i
£Q-T | waL| Pier | (/D | D) G | e | G e e | Me
N-9 | | 1.l 30.2 |, Tao 49 21 bl | 127 .12 2
2 4.6 1123 | 4% 20 | 37 L! 83 43 45
3 45 1203 | 490 30 37 ol 23 13 45
4 45 1123 | 4% 30 37 (! g3 I 13 | 45
5 o 132 | 7200 49 | ol Gl 127 .22 12
35,7, .2
] BASE | 270 | 912 [ 5760 | 20 1492 | 1.2 2062 | .09 T2
3 L 0| 110 240! 31 112031 L.0 {1740 || .1 75
1 179 | 510! 2220 27 A 1157 [1c30 12 g4
#4.9 | 128.0 26T ! ;
|
5 8 270 Lok |29 | 24 |23 | 2.0 | 1740 I 65
? 213 | do 22300 1 L #4157 | de3ofl L0972
449 | 100.7 1867
1 10 588 | 123 | STeo | 25 11793 | 2.0 |31 4 1 | 52
|
E-W lAacC | 4.5 1 359 | 1080 28 | 424 | 2o | oead |l g2 | L8
7 133 1 965 y 2leo | 42 11252 1 30 1965 1 49 | LG
3 12.3 | 76.5 | 2160 Y2 11152 | 3.0 | 19eS 49 ! b
4 45 | 259 | 1080 | 28 | 424 | 2.0 | b24 12 .68
356 | 2¢4.8 3352
~ 9ATA Flou PESIGN MANUAL EYAMPLE A-T.
1 FROM EXAMPLE A-| : f =4 ko él. = 4o koo /o = .0015%
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Figure E-2. Building with a box system—continued.
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EQ-T : cCHecx waLL 3 PIER 7 INCLUDING DEAD LOAD EFFECTS

THE FREVIOUS CALLVLATIONS FoRk PEMAND MOMENT WELE BASED
ON EARTHQVAKE PEMAND ONLY, IGNCRING THE DEAD LOADS.
FoP?. WHALLS WHICH ALE HIGHLY STRESSED TVE TD ™E
EARTH QUAKE LOAPING, AN ADPPITIoONAL ChEck. CAN BE
MAPE T INQUDE THE VEAD LOAD. Folk THE BEARING
WALLS IN THIS EXAMTPLE, THS RESULTS IN A SUBSTANTIAL
REDUCTION IN THE DEMAND To CAPAUTY RATlo. (THIS CALLULATION
IS INCLUDED WELE FOR ILLUSTRATION ONLY SINCE THE wWALLS IN
THIS EXAMPLE ARE NOT OVERSTRESSED).

—_— T = DEAD LWOAD ON RIGHT PIgR
| o | o RooF  omSkFxf2’x 2 <IL.S
| :F H{,{n‘—‘" wALL 25 ks 212" 21 =318
I O B 780 e cPening -(5)kg 25 =9  *-28
e Ty | s
2.0
WALL 3 PRk o073 32 * 2y’ - 4906
WALL 425 <1’ w 21" - 28.68
oreninGg  -(125)% 25"« 9" = -2.%
15,1
2 1103
CELASTIC CAPACITY  (EQ. 4-44-T) ‘
EC 2 1.2D +l.oL+1.0E (comreessioN SIDE )
EC > 8D +10€ (TENSION SIDE — MUST CHECK)
‘ner *1 (M, for .6p) T=asfy V.8p L:Tep

Ps .80 .9 020.3)" .14

10. | A %
T- AsK 151(40) = L2.84 4

TOAY “"F‘lsl'
-

C,VT"’P = ’590“ 2-—;. d__ﬂ/z- u_._ru_i. 854,
¢ . 1520 | K L=212" TF“%;
a=95fcb ~ .95(4)0e)" 4eg" T ——t

\ 71

Mo ¢ [T« P %)) = . [ua9(am ) 902010899 ] /i1 = 1810 £

VEUAND/AtALTY RATIO M,/'Hc- ?W/’zg/o 4§ < .9
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. 1
CHeCK TEFLE CTIONS € FETIOD FoR LONGITUDINAL WALLS A £ C
CONSIPER EACH TIER AS AN INDEPENTENT CANTILEVER AND
CoMPUTE THE TVEFLECTIONS USING VIRTUAL WoRK. ASSUME
THE SHEAR S PISTRIBUTED TO THE INTDIVIDUAL PIERS IN
ACLO RPANCE WITH THEIR EELATIVE KIGiTITIES.
7~ N\ 72\
'), . . < ' . QL B
9-0, n-o - f3-0 190" 190§
v And = 1 L
! T T, . A .
: j " I " €= 3000 kst ™ 58,400
. - |
. ToyT o 3 = HE
I CROLDS -/ " I |l\' &
[ bl SRR S '
vy \\vr' - TT
WaLL A l
| - 4o’ 7T l
! VIERS 1 4 1ERS 213 I
I YROPELTIES I
- o5 e , € g s as e Bes e o1 el 337\ PO
PIERS | P4 . Fof CoRNER PIER USE T 1.5 (bd’/12.) | A, = bd I
- .2l Nta\Y /. L ar o £ ¥
T =is0 /ajl%) /12 = 75.94 +t l
s (W N\ e £ >
Ay SUTTIZI\9 ] 1.5 1t l
D.r o, -~ 9.—: . P Bama .. a oa - e —v—5/| l’/ \ a _5/ [ ] I
riceK s L 9 . KL CTANGQULAK Vb Ko L \ba /121‘ Rv‘ /obA l
-~ - ('O/ \/.n‘; /.'. e il - /ﬂ“
LTUAanib) iz T 405 + l
Ac T %) Gg) < 12,5 4>
CELATIVE RIGIITIES
D 2 Ja- = R / . — 3 /0 A
I A = 'n?/%E1 + F¥YN/ALQ =h /31 + K/4A
_ e oA~ e\ et aa /. _ L _
! Tiee i : A= (U /3(155%) +22/4(1.5) = 5407 £=a".0185
P, T . - = PR /N o\ __ /. = =\ = .~ , - -
| ree L: ac (307/3(4os) + 22/4025)* 1310 R=%=.07Co
iR = .1889
1
1
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Figure E-2. Building with a box system—continued.
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PEFLECTIONS (CONTINUED)

SHEAL TDISTRIBUTION § OVERTURNING MOMENT

Olw(l.‘h

.
PO
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FiEkKS &« 7
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o L_1iZé-ik by L\ -k
4 m . ~m
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Figure E-2. Building with a box system—continued.
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PEFLECTIONS (CONTINUED)

Fok  Oppe A, = 2Mod +7201)(108) = 2998 '
cg. " [457'(4o4) + 30NGEM)] = .57
2998

"mT Ak ("5*/23) - 1543

B poer Ammg /EI <2998 (Ig.'i%)(n')/ﬂb‘{oo (15.94)
= 014l

*« SHEAR. DEFLECTION  PIERS | ¢uf
a = 120k /aG = Ph/a g ¢ P /AL (4E)
By 200 (1)0)/15(N(518400) = L0017

Bosor * Bons* es(n)(m.)/is(.‘f)(sowov) .
= L0017l * 000832 = ,0015

. TOTAL DEFLECTION PieRs | t4

By * 0047 +.0017 = 004" < 3198,

"

Agoop © .01+ 0025 R
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Figure E-2. Building with a box system—continued.
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PEFLECTIONS (Courmu € v)

DEFLECTION OF PIERS 2%
BENDING PEFLLCTION
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FoR  DBaue AM' "/1(4‘*1 ”/7.(»3%) - ‘WS’I ‘\
¢.q. PR30+ (1420~ 4.57" | }
9¢s1 ..:f A i
(“**/) = (.43 457 tZ \\1349
/ F G0 /. 1o\ 7\ /_ PO D SV TP
Bguo = Apmg /EL=T951153)02)/5184%00 (105 )
= 0030
A = moc /.0 N\ e on
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PERIOD OF LONGITUDINAL wauwS AT C

* MERS 1,2,3 '4 ALE CONNECTED BY CHORD MEMBERS AT
T™E ROooF ANUD 2" FlLoo£ LEVELS WHICH CONSTRAIN
THE TPIERS TO PEFLECT TOGETMER. THUS, TIE AVERAGE
DEFLECTION OF "THE 4 TIERS 1S VUSED Td COMPUTE THE
PERiOD OF THE WALL.

A swp * %(.Oobﬁf *.00‘153 - ‘001!7" 4y A,u-n- I""/"L/q'-i.o
[ge

Booor™ # (000 +.01T0) " .0168" 1

* LONGITUPINAL PERIOD (e-w)

T - 2vr /2w d>)
/%2““1 d&)

* 21r/534(.ows)’f lOBO(.oo;ll);v = .0bb sec
V3804 (200 (0168)+ 209.1. (0071))

COMPARISON OF CALCULATED VALUES WITH INITIAL ASSUMFPTIONS
LONGITUDIN AL (E-w) PIKECTION
ASSumeED T - 019 s (sweer 5)
mtuontEd T = 0606 SEC

I

ASSUME D CALEVLATED
H Wy | My @ Fx ¢tl my Py, M‘%r PR Ay, Fu
1 19M]IL.6] 1o 200. 1o 6.0 ] L. 11304 | 382 | 204
I 11080({%35) 5 | 202. | 42 | M0 | 59 | 573 [ .60 | 17%
£ iy |50 4p2. 20.7 | 22.5 378

THE 24P STORY SHEAR AND BASE SHEAR. ARE Lowel, ANy THE RooF
SHEAR 1S ONLY 2% HMGHER THAN THE VALUES ASSUMED IN(TIALLY.
THUS, THE INMAL ASSUMTPTIONS WERE APEQUATE FoR THE EQ-T ANALYSIS,
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Figure E-2. Building with a box system—continued.
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EQ-T COMMENTARY

e THe FKAT0S OF THE ELASTIC PEMAND To0 THE CAPACITY ALE
LESs THAN ONE FOR AL OF THE WALL ELEMENTS. THUS,
THE SHEAR WALLS ARE APEQUATE FoR AN EARTHQUAKE
WITH THE CHALACTERISTICS OF €Q-I AFPPUED (N EITHER
THE TRANSVERSE Ok THE LONGITUDINAL DILECTION.

* ALTHOUGH THE EFFECTS OF TORSION INCREASE THE LOADS
ON WALL | BY MORE THAN 507, (ie. \p"35" wincet 1s
367, OF THE TOTAL SHEAR Flom SHEET 9 ), THE RESULTING
FOLLES ALE SUFSTANTIALLY eSS THAN THT YIELD CAPAUTY.

M I

« CONSIPERATION oOF THE TPEAD LOAD N THE CALLULATIONS
FOL DEMAND MOMENT, M, WouLy REDU(CE THE MOMENT
PEMANTD /CAPAULTY RATIOS FOoR THE BEARING WALLS IN
THS EXAMPLE, THUS ADDITIoNAL SEISMIC CAPACGTY IS
AM/AKLABLE.

THE TDEFLECTION CALLULATIONS IDICATE . THNT THE MOPE
SHAPES WH1CH WELRE ASSUMED NITIALLY ALE REASONABLY
MCCURATE, THUS THE ASSUMED STRAIGHT LINE Mope
SHAPES WILL ALSO BE USED FOR THE €QTI ANALYSIS.

SN S IR B A
.

L]

THE CALCULATED E-W TPERIOP OF 0.0bb SECONDS IS
Clos€ TD THE ASSUMED PERIoD OF 0.079 SECONDS.
SINCE THE FILST MOPE SPECTRAL A(CELERATION (IS
CONSTANT FoR ALL TERIODS LESS THAN T=0.9 sec.
(see sSHEET +4), VARIATIONS IN THE CALCULATED

FER1op WiLL NOT AFFECT THE EQ-I ANALYSI(S.

US Army Corps of Engineers
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Figure E-2. Building with a box system—continued.
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TPECTEAL  ACCELERATION  FoR FIRST MCUVE | Sa,

FOoR CONCRETE WALLS IN AN ESSENTIAL FACILITY.

TeANsVERS € (N9) T=N25(17) = 0.19 sec
LONGITUDINAL (E-W) T=Y125 (.079)= 0.088 sec

ASSUME PELCD WAS LENGTHENED By V125 | wHere 125
LEPRE SENTS THE INELASTIC SHEAL DEMAND €ATIo FLom TABLE #-1

US Army Corps of Engineers

¢ 2 . 506qgq Flom EQ-IT SPECTRUM Fof. BoThH E-W ‘:U-S
- d
Mcpe  SHAPES | ¢k M%I
< ll) = ‘. ,o\) ?g'
ASSU M E (¢|| y
FIST™ MODE BASE SHEAR V,
LEVEL W"k ﬁ\l'%‘_\ ¢‘, "\‘¢m ‘¢‘ W{u Qa¢, 9 F\L,,h— Vx“k
AR S St 0 RS E I
2| 53¢ | I | o] 16l | 6L | 1336 | 748 | 400.0 | H00.0
| | 1c80 | 335 | 5| 1.8 | 8.4 668 | 314 | 4ed.o | 040
| et | 50.1 334 | 250 To4.0
- (T
T el 87
G - o(\gm,'.@9|<.5b>’ 498 MovAL BASE SHEAR COEFFICIENT

V, *o, Sa, W= oW = Bo4o i MoDAL BASE SHEAR | €Q-IC

Example E-3 20 of 23

Box System

. D..:11 S T G OT S
Figure E-2. Building with a box systemi—cointinued.
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THE DEMANDS of EQTIL ARE TWICE THOSE OF
EQ-L (Sé‘ ’O,Slgg, S‘x(a: )’-0.283).
THERE FORE , ALL OF THE RATOS OF U, /vi AND
Mo /M. ARe TDouBLeD (S€E SHEeT 12 o123 ).

THE SHEAL INELASTIC PEMAND RATICS ARE AL

tess THAN .o (FoR EXAMPLE - WALL | PeR |

Vo/U. * L*.22 <.44 <].0). SOME MOMENT DEMAND
Zk‘ﬂos Aee GREATER THAN .0 (Fok EXAMPLE -
waLL 3 TIER T : Hg/H. = 2x.84 =108 >i.0 ),

. WHeEN DEAD LCAD EFFELTS ARE

pED ($EE SHeeT 13), THE WELASTC TDEMAND

S Age SIGNIFICANTLY RKEDUCED (2 +. ‘1‘6-.64410)
THE STRUAUURE REMAINS ESSENTIALLY

S
)
\STIC  FoR EQ-IL FORCES.

NoTE : IF WALL | HAD INELASTIC DEMAND RATIOS
SIGNIFICANTLY GREATER THAN lo (re. 1x.72 % 1.44)
AND WALL T DD NoT (ie., 2x.52=10%), WALL |
WOoULD YIELD AND THUS HAVE LETVCED STIFFNESS
THE C.R. OF THE BUILPING WouULD SMFT ToWﬁgpﬁ
wact 7 (€ SHeET 8) RESULTING IN A LARGER
ECLENTRIOITY | €. Tmﬁ TYFPE OF Couvn'lor) Couns
LeAr To ToRSIONAL NSTP!B!L""Y A (HECK ‘ng;
IS (enDiTleN IS ILwSTRATED oM THE Fol.t_owmq
VAGE

US Army Corps of Engineers
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Figure E-2. Building with a box system—continued.
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E-30

‘l-—--——-—_——————_——_———T

L ]

ToRSioN Citeck.  (see Para. 4-4(5)), 5-5a (), 5-4i)

ASSUME : -~ wmL | SNFFNESS REDvcep BY I.S.
e« WAL 3 STIFFNesS Repucep BY I.S
© ECCENTRICITY , € INCREASES FROM 15T TD 29.0°

TORSIONAL MOMENT : "(see snur,a‘) .
CALLULATED  Mp = Vye, * 8o 4 (29‘) 2233106 k-ft
ACLIDENTAL Mpr= Vi< 704(2‘!*7.’,} - 31034 k-f
Mr® VaCmin YonZ‘! ‘9.6') 715598 k-Rr

PIRECT SHEAR TORSIONAL SHEAR PRECT + ToRSION
wadl 2 [V | 4 | 24* | W] v Vev O [ voev 2w eed
| 8.0 | 95 | 125 | 281250 | 15 | 100 | 10 | 195 | 194
3 30.0 | 159 bl 111630 bl 82 220 24) 256
5 | 49| 238 | -3 Yo | -4 | -3 234 | 235 | 204

7 )

588 312 | -7 | 203953 | -132 | -88 | 18 224 | 243
15T | 8o 04

A | 350 0 23.b | 19794
e | %L o | B [_19794
96825
(VBASED ON CALLULATED TULSIONAL MOWENT Mr 22330,

ok M 55
-T

NBacer onN GOEINING ALLIDENTA

V.) PRASEV O QUVC miviivg /MmlivenNnine I'IT s 'HU

-~ ]
34
Q) EQ-T. VAWES FLOM SHEET 9 (6Q-U ~ 2weq-

4

COMMENT. THE CA%E SHOWN HERE ASSUMES THAT wAwS | ¢3
HAVE REDUCLP SMIFFNESS WE TO (RALING AND THUS ATTRACT
A SmAUER TROPORTION OF THE DIREQLT WWEAR THAN IN THE
ELASTIC ANMYSIS. THE SHMFT IN THE C.L. BESULTS IN A LONGER
MOMENT ARM | d, THUS THEY ATRALT MORE TUESIONAL SHERZ.
A (PMPARISON OF THE COMBINED SHEARS Fod THE ELASTIC CASE
OR ASSUMED INELASTIC CASE (2 RIGHTHAND (ormns) SHowS N O
MBSTANTINL CHANGE, THEKEFORE INELASTIC TORSION IS NoT~ CATICAL.

S Army Corps of :}ngmeen

Example E-2 22 of723 Box System

Figure E-2. Building with a box system—continued.
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EQ-TTC : COMMENTARY

ThHe KATi0 OF THE SPECTRAL ACCELERATIONS FoRk €Q-IT
T €Q-T 1S -5¢/28 =2.0 IN THIS EXAMPLE. THE
PETRILS CF THE EQ-TL ANALYS!IS ALE NoOT SHowWN HERE
SINCE ALl ¢F €G-I ReESUTS (V,Mr Moy "%z 4,ek) ARE
IN(LEASED BY A FACTTR C¢F 2.0, AND THE CAL CULATED
PERICD 1S INCREASED BY N1.0. FoR exAmpie, PiER 7
OF WALL 3 WouLp HAVE A SHEAR OF 2 *5)-lo2™ A
MOMENT OF 1728 fi-k, AND INELASTIC DEMAND RATIOS
¢F .24 AND 1.68 FoR SHEAR AND BENDING, RESPECTIVELY.

. THE WALLS ON LINES | €3 WILL YIELD BEFCRE THE WMLS oN
LINES 5 ¢ 7, BUT THE EFFECTS OF INELASTIC TORSION WERE
INVESTIGATED AND FOUND T BE INSIGNIFICANT.

* TMBLE 4-1 SHOWS THAT INELASTIC DEMAND RATIOS FOR
CONCRETE WALLS IN AN ESSENTIAL FAGLITY ALE NoT To
EXCeEED .25 IN SHEAR (R 1.5 IN FLEXURE. THE REQULTS
Fer. EQ-TT ALE SHOWN TBelow.

LACATION OF MAN. INELASTIC PEMAND TRATIOS
WALL PIER ACTUAL  MAX. ALLCWED MAY
SHEAR | 1,5 0.44 .25
FLE KURE 3 7 |. 8™ 2.0

¥ ACTUALLY LESS THAN LOWHEN DEAD LOAD EFFECTS ARE INCWPED.

THVUS , THE CHEAR WALLS ARE ALSO APEQUATE Fok EG-TI
APPLIED IN €ITHER THE TRANSVEERSE CR LONGITUPIN AT
PIRECTIEN . '

US Army Corps of Engineers
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Figure E-2. Building with a box system—continued.
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DESIGN EXAMPLE: E-3

Description of Structure. A 3-story hospital building with trans-
verse ductile moment-resisting frames and longitudinal braced
frames in structural steel, using nonstructural exterior curtain
walls of flexible insulated metal panels. In addition, there are a

series of interior vertical load-carrying column and girder bents
The structural concept is illustrated in the Basic Design Manual,
design example A-3

Initial Trial Structure. The building in design example A-3 of the
Basic Design Manual was designed for a base shear (V = ZIKCSW) of
0.08W in the transverse direction and 0.14W in the longitudinal

m

direction. In order to utilize the same structure in this example
the following conditions are assumed:
Transverse Longitudinal
Seismic Zone 3 Z = 3/4 2 =3/4
Hospital building I =1.5 I =1.5
Ductile frame/braced frame K = 0.67 K=1.0
Soil period Tg = 1.0 sec Tg = 1.0 sec
Building pericd T = 0.69 sec F=20.3 sec
CS = 0.116 CS = 0.140
ZIKCS = 0.087 ZIKCS = 0.157

The above base shears (0.087W and 0.157W) are reasonably close to
the base shears of the building in design example A-3 of the Basic
Design Manual so that building will be used for the initial trial
design.

Seismic Design Criteria. The building is to be designed in accord-

ance with the dynamic analysis procedures of this manual. The
following conditions apply:

Building classification: Essential facility
Ground motion spectra: ATC 3-06 spectra with Az = A, = 0.30
Soil profile coefficient: Type S,

US Army Corps of Engineers

Example E-3 1 of 34 Steel Frames

Figure E-3. Building with steel moment-resisting frames and steel braced frames.
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Design Pfoceﬁgrg The site response spectra are developed in accord-
ance with the procedure described in chapter 3. The governing equa-
tions and spectra for EQ-I and EQ-II, shown on sheets 3 and 4,

include the effects of site severity, soil type, and structural

damping. The structure of Basic Design Manual design example A-3 1is
assumed to be the initial trial design (para 5-3a). The EQ-I design
specfrum is compared to the static base shear coefficients ZICS as
follows
T, period q S Ratio
(estimate) “a(g) ZICS “a = ZICS
Transverse 0.69 sec 0.35 0.130 2.7
Longitudinal 0.3 sec 0.41 0.157 2.6

These ratios of S; to ZICS are greater than 2. This is an indication
that the structure may have to be modified for the higher force
level. Because the ratio is less than 3, it has been decided to
continue with the procedure without modifying the structure at this
time.

T A Ay ams g 1¢c Ao ctan
The example building is a steel frame

resisted by ductile frames in the transverse direction and brace
frames in the longitudinal direction. The metal deck roof system
forms a flexible diaphragm while the metal deck with concrete fill
forms rigid diaphragms at the second- and third-floor levels. The
procedure used to distribute the forces is discussed on sheet 5.

r—
+
4
5

structure with latar
[ P Q= S Wi

TUucture witn Iorces

An outline of the procedures for the transverse direction and the
longitudinal direction are given below
Sheet
Transverse direction - Frame 4
Modal analysis........c.cevevenn 6
Load combinations.........euue.. 10
Element stress check............ 12
Interstory drift check.......... 15
Commentary....eeeeeeeensen e 16
Method 2 analysis.......%:c:-0:- 17

Suggested modlflcatlons......... 23

Longitudinal direction - Frame A

Modal analysis..........coiiien 24
Load combinations......cevevvvus 27
N1 armnnd cdamnce ~harl 2Q
CICMEIIL SLIECDD UHTUR . ¢ o e e 0t ot 000 LT
Interstory drift check.......... 32
Commentary..c .o e eeienenrsoaaas 33
Suggested modifications......... 34
US Army Corps' of Engineers
Example E-3 2 of 34 Steel Frames
Figure E-3. Building with steel moment-resisting frames and steel braced frame s—continued.
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TETERMINATICN oF SITE RESPINSE SFPECTRA

UTE SEVER(TY
See Flqures 340 To 343 AND TABLE 3-4

ATC 3-06| EQ-T EQ -1IT

Ao 0.304 0.144 0.35q,
Av o,goa" 0.1t4 0.359'

SolL PeoFiLe CoEFFILENT, & A
ASSUME SoiL PeoFiLe TYFPE Sp
| FEoM TabLe 3-G Sc e 1.2

DAM PING ADJUSTMENT FALIORS 7
DAMPING FRoM TABLE “4-1, PAMPING FACTCRS FRom Tr8LE 3-]

PAMPING PAMP(N G FALTIR

EQ-T 370 17
EQ-II 770 0.70

. _ / o e w2
GQOVERNING EQUATIONS  (€Q. 3-27, 3-2¢)

r . /  N\N. o~/ ~7/ N7 N1 N\ J
€Q-T ¢ Sa” 117 (1.22)Av 3 /T=11T022)1.14)(1:2) /T ,
2398 /T £ 111(25)A7

-
-

T Sur.o(o)A S /re 9 ()l H
*.46i /T £ .905)AF . T9

/ . =

€G-T /€Q-T * 143

HAX

US Army Corps of Engineers

Example E-3 3 of 34 Steel Frames

Fioure E-2 Runildino with steel moment-resisting frames and stesel braced frames__raontinuad
Figure -3, DBullding with ctee]l moment-registing frames and steel braced ftrames—continued.
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DESIGN  RESPCNSE SPeECTRA Fok EQ-T AND €Q-TT
AQ - e
08
o7 ! \
, \ ~EQ-TT, P=7./°
SA q 05 l \ /
IJ l K
05 !
; \
s b——  \
| EQ‘I) ﬂ’g'/o
n,s-"
| N
02 \{ \
) \\_
—_—
0.0 . T T
0.0 1.0 2.0 3.0 {.0
PERIOD, $S€CONPS
) FER.1O D
eQ | b oo | .586 | 8o | [0 1.5 2.0 3.0 | 4.0
Exr1[3% | Sa,q | .14 | #1 | 300 | 240 leo |.120 | 080 |.0C0
EQU|1%| Sa,q | 35 |19 |.576 | H61 | 307 | 231 |54 |05
¥
oGd,w| 0 | 266 | 361 |45 | CT6 | 904 [ 1357 |18.01
* SPECTRAL DISPLACEMENT Sy~ 5..(1"/1211)13
1
US Army Corps of Engineers
Example E-3 4 of 34 Steel Frames

Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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DICTRIBUTION OF FORLES FoX DPYNAMIC ANALYS|S

THE VISTRIBUTICN OF FORCES ToO THE FRAMES WHCH
WAS PeVELLPED FoR THE STATIC ANALYSRES IS SHOWN CON
PAGE I oF 24 oF EXAMPLE A-2 |IN THE PESIGN
MAN VAL . IT IS ASSUMEDP THAT THE TREANSVERSE
FEAMES ON LNES |t AND T ARE  IPENTICAT | AS
ALe THE TWO LENGITUDINAL FLAMES N LINES A
AND C . FoBLES AT ™E RooF ALE DVISTRIBUTEPD
BY TRIBUTARY AREAS, BECAUSE OF A FLEXIBLE
PIAPHRAGM, AND BY TRELATIVE RIQIVITIES AT THE
29 AND  3FP Flepg S, WHILE THTRE (S NO CALCULATED
TeRsieN  IN THE BUILDING, AN "ACOIVENTAL TeESIoNAL
SHEAR 1S DISTRIBUTED TO FRAMES I, 7, A, AND C.

Fof. THE. DYNAMIC ANALTSES | CCMPUTER MCEPELS
WERE TVEVELOPED Fore FRAME 4 THe MOST HEAVILY
LoADED CF THE THREE TRANSVERSE FRAMES & AND
FRAME A, EEFEESENTRTIVE CF THE TWC LonGITUDIN AL
FRAMES. THE PROTERTIES CF THE FRAME 4 McDEL ARE
HOWN ON PAGE ITcF 34 (EX. A-3). ONE HMF T¥E
ReoF MASS AND ONE THIRD OF THE MASS AT EACH
Flor® ARE C(ARRIED BY FRAME 4 |N THE TRANSVERSE
PILECTION, UMNUSTENT WITH THE DISTRIBUTICN
PISWSSED ABCVE. TFoR THE LONGITUPINAL ANALYSES,
CNE HMF THE BuUILbING MASS IS TAKEN BY FRAME
A AT EACH LEVEL., TNWE SHEARS RESULTING FRCM
THE EG-I AnVP €Q-II MODPAL ANALTSES wWiLL BE
INCREASED BY 187 (S9R /SoR) IN crDER TD
ALcoun T FoR THE TeRSIoNAL SHEAR. AT THe 2N°
AND 2%P FLooR S .

US Army Corps of Engineers

Example E-3 5o

Hy
(3]
£

Stecl Frames

Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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)
L
AS A CHECK NoTE THAT Z, PFR"l0 ANb 2, %10,
P THE CCMPUTER TECGRAM NORMALIZES THE RESULTS SO THAT £M¢>'I-o.

—
TRANSVERSE (N-S) pieecion] : FRAME 4 - DMESE
MODES SHRPES (¢,(,D AND TPERICPS (T..J FROM COMPUTER
ANRLYUS OF FRAME 4, MASS CALCULATE D FLOMA W/?.
MASS MODE | MO DE 2 MODE 3
LEVE"" (L{s-'?,) ¢i- n"x¢ln mt@n‘ ¢h— "‘(@u My ¢i: ¢!4 ml@% "‘»L@-:
2 |58 |.3300]1929 |.¢do | 2384 [1.385 | .330 | .03 |. 443 | 030
3 | 7.32 |.204% | 1416 | .306 |-.2201 |-1.61) | 355 |-.2154|-1.577].340
2 1732 |.0%60] .630 ] .054 [-.2075-1.519 | .315 | 29306 2.149 | .63
2 2045 4,055 l.oog' -1.145 {l.000 9%63 | 1.001
> £mé
Prgm (€$.4-l) i"\?l ¢&| - ,;4(0 —.‘“(o -070
?Fh\ ?2‘5 .384 —-2’2.
PF. .349 362 . 289
({me)*
A g 4D EnlEmg?) . 8040 149 .04¢
—I:.,scc.. 904 35 REPS
3

?n’r_”L P~ 394
Bt 2
0% ¢,
iy >
MovE | MovE 2

US Ammy Corps of Engineers

E-.lri% ¢”

MopE 3

@7.0‘113

J
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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— s = [ 2 ) . —~ N - _
TeANSVERSE (H-S) miECTION @ SPeCTRAML ACcELe RATIONS, Sam
MeoArL BAse SHEARS, V.,

£Q MODE | MovE 2 MoPE 3
EQ-T | T., sec (svger & 9ot 356 iisR
(63%) | Sim, 4 (sweer 4) 151 i i

CL».:“‘MSAM 102 006 0lo
Ve GNllEimg) | 1327 & 40.1k 13.0 %

fen -l

\Sw. v77/

*

- - Afy A - } A1a 10 a ~ it
EQ-IL Tm L5, see 1.07 598 o4
(27%) | Sum,q  (SHeer 4) H28 19 19
Corm™ o Sam 344 I8 038
Vi G W 126.5 % 77.5 ke 25.Ck

¥ NoTE :  For THE ER-IL ANAUYSIS, AS A ROUGH APPROXIMATICN,
ASSUME THE PERIOD HAS LENGTHENED BY VX wrerE X
KEPRESENTS THE INELASTIC TEMAND KATIO Fok
THE CRITICAL ELEMENTS N THE ARAME AS
SHownN IN TABLE 4-2. IN TS EXAMPALE  X=1.25
Fok COLUMNS IN A STEEL FPMRSF IN A CRTIAL
AND ESSENTIAL FACLILITY. THE Com PuTErR
MCDEL VSED FR THE EG-IL ANALYSIS HAS
A REDUTED ELATYNC McvuLuS/LN CKDER. TD/
CBTMIN THE LONGER PeRD (& 7 6 /X)),

US Army Corps of Engineers
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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MCDAL ANALYSIS: TRANSVERSE (N-S) DIRECTICN - FRAME 4
PFyim ;L‘Qfm' Fyim Vim AD0THm O™, la . Fam Jw AN
LEVEL Sibhdeds ) () (SM ) (&-K W (€S (in)
2| 1.346 | 476 63.2 t3.2 172 o L3327 | 3.065 | 1182
i3l %219 .39 | 48.9 | H2.l | 1233 172 208 | 1392 | (.10
-1l 2 349 155 20.b 132.7 | 141b loos 087 191 79
- 1.000 341
5 |2 [07.8 | 107.8 | 1316 | © 576 | G551 | 2525
SRE 83.0 | 1914 | 2105 [ 1316 | 354 | 4020 | 2331
ol 350 | 2105 | 207 | 342 | 4o | 1695 | 1095
5838
2 |~ 4o | ~.793 | -31.9 | 312 | -3%9 0 -7 =21 | .Ho7
R3] 3ed | o923 | 370 5.2 57 |-3%9 AsT 195 | Lo
a5 2] 3er]| 810 | 35.0 | 0.2 | 429 |-332 48 184 | .84
].oc0 97
NEREA -Gl.4 | -6l4 | =750 o [-.329 |=biz | 117L
2R 3 M5 | ot | ur [-75 | 303 | 564 | .032
182 14 | 175 | $27 |-039 | 286 | 532 | .532 |
N 188 .
R | .0To| 420 5.5 5.5 617 0 029 | L0094 | .037 .
Mz -2 ]-1.599 [-208 | -15.3 [-let LT |-.087 |-.02% | .o¢G
Si2 | .28912.179 | 283 | 13.0 | 139 |-l0] 18 | .032 | 0328
o« 1.0c0 38
olal & 10.5 105 | 128 0 .055 | ..021 . 108
2l 3 -4o.0 |-29.5 |-32¢4 128 |[-.1e7 |-.08l 491
lw| 2 545 | 25.0 | 267 |-196 228 | .o o
To _
X 11.0 11.0 L7 0 379 | 3.072 | 1.25)
NE Ve | 133 [ 1246 | %1 | 275 | 1.893 | 1094
18] 2 49.5 | 1393 | 486 | 2035 | .08 | w2 | 913
w0 3423
j ol 1245 | 1245 | 1520 0 bbb | 0580 | 2.788
NE T | 1939 | 2133 | 1520 | 495 | 4.0b6 | 2339
ol 2 93.5 | 240.7 | 2568 | 3¢53 | .395 | [.780 | 1780
6221
US Army Corps of Engineers
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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e 2z o waastedrner (.Y TDErTION — FRAUE 4
€EQ-I ELEMENT FORCES ¢ TRANSVERSE (N7o/vinetl’ : =
- 2 Bes i awme e o wreizal warizAl EVAIADLE A'§ ;H‘gf 18 OF 34’
s pL % LL RESULTS FRomi DESIGN MANUAL BXAMPE )
o SEISMIC KESULTS FrRomMm ComTY TEL AMALYSIS.
) L aas.a—..ew Aiin CurBAlC LAIWEN AT FACLE OF SUPPORT.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel momenti-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment- resisting frames and steel braced frames—continued.
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It has been determined that the seismic base shear coefficient (in
terms of first mode values) could reach a value of 0.13 before any
yielding would occur in the structural frame. For seismic forces
applied towards the north (towards the right on sheet 19), the base of
the north (right) column and the center column will yield in flexure
(the column bases were assumed fixed). The south (left) column does
not yield because both the dead and live load stresses are counter-
balancing some of the lateral load stresses. At a base shear coeffi-
cient of 0.13, the spectral acceleration is 0.161g, the spectral dis-
placement is 1.43 inches, the roof displacement is 1.93 inches, and
the period is 0.97 second (refer to sheet 20).

A new mathematical model is constructed that allows the base of two
columns to yield in flexure. A nominal lateral force is applied. The
relative distribution of beam moments will vary from the distribution
of beam moments shown on sheet 10 for seismic forces. New values for
periods, mode shapes, and participation factors are calculated. The
forces are proportionally adjusted until a number of additional struc-
tural elements begin to yield (#5% of calculated yield capacity). At
an additional equivalent base shear coefficient of 0.06, yielding
occurs at the base of the third (left) column, the tops of the other
two first-story columns, the top and bottom of the second-story center
column, and the north end of the first- and second-story beams (Model
3 on sheet 19). The period of this revised model is 1.14 seconds and
the roof displacement is 1.10 inches for the base shear of 0.06. When
the results of this model are superimposed on the initial model, the
following results are obtained: base shear is 0.19 (0.13 + 0.06),
spectral acceleration is 0.224g, spectral displacement is 2.27 inches,
the roof displacement is 3.02 inches, and the effective period is 1.02
seconds. These results are summarized on sheet 20.

The mathematical model is revised again to allow the newly formed
hinges to yield. These hinges were given sectional properties roughly
equal to 5% of their fully elastic value. An additional set of per-
iods, mode shapes, and participation factors are calculated. New
increments of force are applied until additional hinges form and a
mechanism forms at the first floor (see model 4 on sheet 19). The
period for this last increment of displacement is 2.29 seconds, the
base shear coefficient is 0.04, and the roof displacement is 2.69 sec-
inches. When these results are superimposed on the previous results,
the following values were obtained: base shear is 0.23, spectral
acceleration is 0.257g, spectral displacement is 4.45 inches, roof
displacement is 5.71 inches, and the effective period of vibration is
1.33 seconds (refer to sheet 20).

US Ammy Corps of Engineers

Example E-3 18 of 34 Steel Frames

Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued
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l. THE STRUCTURE YIELDS AT EQ-L.

~

THE FIRST YIELD OCLURS AT 0.6b EQ-T;
THEREFORE T DPOES NOT HAVE THE CAPAUTY
TO SATISFY THE NEARLY ELASTIC CAUTERIA.

(8]

THE CAPACITY SPECTRUIA DOES NoT CROSS THE
EQ-TL DEMAND RESPONSE SPECTRUM (SHEET 21);
THELE FOLE THE STRUCTURE TDOES NOT SANSFY

THE EQ-T CRITERIA., REFER TD FPARAGRAPH
5—'5‘@(7,_)(3\. AND TOo FIGURE 5-0.

Example E-3 22 of 34 Steel Frames

Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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FRAME 4 (pMRSF) - MODIFICATIONS

THE TRANSVERSE FRAMES MUST BE MOPIFIED IN ORDER

T 180 & A<E THE1I?2 CAPACLTY T PESIST CoeiCra
TC INCKTOASE ELKR CATVACGTY TO KE2i7 SIS

LOADING. THREE TPCOSSIBLE MOPIFICATION SCHEMES

AQE Di1sStusseED BELpw .

e Ve ww o0

PRI IS

FRAMES, ONLY 3 OF WHICH HAVE BEEN PETAILED
AS DUCTILE MOMENT RESQISTING FRAMES. BY CHANGING

* THE BULILPING ACTUALLY CONTRINS 7 TRANSVEERSE

THE CONNECTION PETA|ILS FOoR THE 4 INTERMED|ATE
FRAMES , AL 7] FRAMES MAY BE USED TD KReSIST
THE LATERAL LOAPS.

e THE MEMBER SIZES FoR BEAMS AND CoLUMNS IN FRAMES
I,4 AND T CAN BE INCREASED TO MmPROVE THER
LATeRmL RESISTANCE. FOo& EXAMPLE, THE ROOF BeEAM HAS
A DEMAND MOMENT M, =199k-f A SECTION WITH
SUFFILUENT PLASTIC CAPAUTY MUST HAVE A TLASTIC
SECTION MODULUS Zy7199012)/36 =0Lb.3 in’, A witxd3 (Z,5L1.0)
oL A WI18%35 (2,°0L.5) WoULD BE APEQUATE. AFTER THE
MEMBERS HAVE BEEN RESIZED, THE ANALYSES FoR €EQ-T
AND EQ-TT SHoulD BE REPEATED. INCREASING THE STIFFNESS
OF THE FRAME MAY RESULT IN A MGHER 1" MoPe SPECTRAL
ACLELERATION AND R HIGHER DESIGN BASE SHEAR,

Lo ]

VO U R B

* THE TRANSVERSE FRAMES CAN BE STRENGTHENEP WiTH THE
ADPITION OF A BRACEP FRAME SYSTEM. THIS WiLL
STIFFEN THE STRUGTVRE AND INCLEASE THE SEISMIC
Fogces SO THAT THE €Q-I AND EQ-T ANALYSES
MULST BE REPEATED. SEE THE FoLLowING SE€ECTION FoR
AN EXAMPLE OF A BRACED FRAME ANALYSIS.

I |

US Army Corps of Engincers

Example E-3 ) 23 of 34 Steel Frames

Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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LONGITUDINAL (E-W) DIRECTIoN @ SPECTRAL ATCELCRATIONS, Sam
MovAL BASE SHEARLS, Vm
EQ MOVE | MOVE T MODE 3
EQ-I T, sec (SkeET 24) .2%9 i 079
(gr%) | Sam,s  (seer 4) 1 4 ey
Cnt Ao Sam 376 031 003
Vor Con W (et.w‘) 335.6 9.0k 2 .55k |
* -~ . i
EQ T | T.Vi0, s 139 AL .079 |
(=77 | Sam, g 19 19 .19 |
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Vi s Com W ol bic 55 )k 4,94 k
} YNOTE : AS SHownN IN TRBLE 4-2, THE WELASTIC DEMAND
I RATlo FOR K-BRACES IN A CLIMILAL |, ESSENTIAL
| FRULITY IS [0, THUS, THE LONGITUPINAL PERICD
l IS THE SAME For Bot EQ-T AND EQ-T AND
| THE SAME COMPAUTER. MODEL WAS USEDR FoK BoT
l ANALTSES | i
US Army Corps of Engineers
ut’xample E-3 25 of 34 Steel Frames

Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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MODAL ANALYSIS: LONGITUDINAL (E-w) DiRECTION - FRAME A
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.

:



27 February 1986

w

* o
< [\ -9
o - 3
a )
)
* 4
) o~
3 ww B
O
w)
~ Y VS
/:W {H.w ~ O
oo ~
—~
ref r~ r~
o [n} ~
$ % - A
W o~ T =
N i D
Yl o> Q O
P p -
(6] < m_ ZJ
w ’ —- o=
szl o R
+3 e g8
m:
63
T« 2 °
N
> o~ I
N C -
—
(& [\ O
AL — y
~- — —~
\L’. I_ —
« 2 o . -
o Oe
w 3 -~
7._ " »
- ¥ -
w by =
2 ks

=]

Q
Lo

S}
u>

Q

L)

Q
(=)

oo

ly/HMpey € pn

Steel Frames

31 of 34

Example E-3

TM 5-809-10—1/NAVFAC P-355.1/AFM 88-3, Chapter 13, Section A

Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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CHE(L INTEEUITRY PRIFT

ALLOWAYLE DLIFT For ESSENTIAL FAULITIES :

.C0S K

Foi

eQ-T

OICk L EQ-T

LoNGiruriNaL (E-w) DiLecneny - FRAME A

SToR Y HT. EQ-T _ eQq-T
LEVEL o, e~ *Agess. | COSh | ¥Agrss 010k
Recov (32 08I N J56 .32
3 132 .01 b 38 [ 32
A 132 .24¢ b6 478 .22
+ Aggeq FROM PRLEVIOUS CALCULATIONS oN SHEET 206
SCALED BY 1185 AT THE 2% ¢ 2 FlpoRS To ALOUNT

FOR ACU PENTAL ToRSION .

US Army Corps of Engineers J

i Example E-3 32 of 34 Steel Frames J

igure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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FEAME A - MODIFICATIENS.

THE LeN GITUPINAL  FEAMES REQUIRE MODIFICATION

N cevew. o INCLERSE THEIR [EISMIC TEUSTANCE .
THE Y¥-BRALeS AND P%eAMS IN THE BRACED TAYS CF
THE Lewek TWo CTTRIES AKE CVEKSTRESIED Foil
€EC-I. N AvpiTieN T |NCLEASING THE MEMBER
Cl126C FrR. THE ELEMENTS WHICH AEE CV/ERS TRESSED,
IT 1§ ALSC ADVANTAGECUS TO CHANGE THE
GECMETREY ©F THE BRACES IN THMS FRAME. TRELE
4-72  Hews AN INELASNIC PEMANP RaTio ¢F .o
Fc¥. 'K- BRACES N AN ESSENTIAL FATILITY, 3uT
.25 FR TIAGENAL BRACES.  THUS | REVEKSING
THE CRIENTATION OF THE L-3RALE IN THE 2%°
STTRY  wWouaD REWILT (N & ZIAGeN AL BRKAUNG
SLHEME FCR OTHE Lew/eR  FLCTKS WiHE KF  THE
BRALES FPE (YEKSTRESSED. THECE TIAGENAL
BRACES MUST Be CULZED 1o ReMAIN ELACTIC FCk
EQ-T BuT ALE ALLCWED 257, CVERSTEESS Fok €Q-1L.

IR =i.0
© 4 3
PN
- £/ - us ’e g B -
Toe =L xovus/
FRAME A MITIFIED FRAME A
US Army Corps of Engineers
734 Qf 34 Steel Frames
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Figure E-3. Building with steel moment-resisting frames and steel braced frames—continued.
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DESIGN EXAMPLE: E-4

SEVEN-STORY DUCTILE CONCRETE FRAME BUILDING:

Description of Structure. Design example E-4 is based upon a building
with the same characteristics as the one that was used for design
example E 1 and for the examples given in paragraph 2-5c of this
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Seven-story ductile concrete frame building.
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Figure E-4. Seven-story ductile concrete frame building—continued.
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Figure E-4. Seven-story ductile concrete frame building—continued.
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Figure E-4. Seven-story ductile concrete frame buiiding—continued.
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DUCTILITY CHECK (WONTINUED) — PEMAND RATIOS

TOP__BARS BOTTOM PBARS |
My ™M -
EQ Mo M, A, M, Me M, IR
= Fie _ e L
eQ-I |envo O 79 | 583 | 1.28 | 220 | 358 L | Lo
SPAN - - - 218 | 472 48 | 1.0
eno @| 820 91 1.19 17 358 .33 1.0
eQ-TL |eno O 19 | 583 | 136 | 285 | 358 .80 | 2.0
SPAN - - - 72 | 472 36 | 20
eno @| 822 | 69 | 119 | 150 | 358 | w42 | 2.0

FINELASTIC PEMAND RAMO FOR EQ-IL FROM TABLE H4-2.

COMMENT

- Fo EQ-T THE DEMAND MOMENTS HAVE EXCEEDPED THE
NEGATIVE BENDING CAPACITIES AT BoTH ENDPS CF THE BEAM.
IF THE TcP STEEL IS INCREASED TO T1-*9 AT BOTH ENPS,
THE MOMENT CAPAUTY WOULD INCREASE To 797 k-f AND THE
DEMAND RATIOS WoULD Decgeas€ To 9% aT eNo (D, ANP 1,03

ar eNo @. THE ctiTERIA FOR "NEAZLY ELASTIC" BEMAVICR.
(see 7agA. 4-3e(1)(Q) ALLoW SOME OVERSTRESS. BUT ALL OF THE

----- =22

To PETEAMINE WHETHER THE OVERSTRESS AT enp @ 1S
WITHIN ALLOWABLE LiMITS (e, 20% 0F ALL BEAMS AT THIS

FLooR ARE ALLOWED UP To 257 OVERSTEESS ).

‘Fo EQ-TT THE PEMAND LATIOS ALE WITHIN THE ALLOWARLE
INELASTIC DEMAND CR(TERIR IN TABLE 4-2, BUT THE BULDING AS A
WHOLE MUST BE CHECKED FOL MELHANISMS AND UNSTMMETRICAL

YieLping  (see Paga. 4-4c(5)), o

US Army Corps of Engineers
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E-74
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COLUMN FORCES AND LOAD C(OMBINATIONS (oniTs s K, &)
CoLUMN B-2 BETWEEN S™ ¢ (™ FLOORS
E-W CARTHQUALE
Mx My*
? ToP |BoTToM| ToP [BowoM
PEAD LoaD (loD) | 344 -9 -5 -9 -5
Live toap (Lol 57 -2 -1 -7 -
EQ-T
SEISMIC (lee) | *1 +389 | 320 | *18 | *L¢
L2D+rloL+l.0e — | 463 =327 -7
2D oL r|.0E =+ 276 2% 65 57
BD *\.0E —> | 268 | -390 | -324 | -85 -b&
BV +I.0E | 182 2852 31k T bo
EQ-T
SEISMLC (oe) | +9 X507 | 447 | 1ol | 2 83
1.0D+.25L+|.0E —* | 349 -422 [E - 88
LOD*.2SLt].oE <+ 498 | 42| oL | 18

*IN A REQULAR FRAME BUILDING , AN EALTHQUAKE APPLED

IN THE PLANE OF A GQIVEN FRAME WOULD FROPUCE A

VERY SMML OUT-0F - PLANE - MOMENT IN AN INTERLCR. COLUMN.
FOL Tre PURPOSE OF ILUSTRATING A BiAXIAL CHEw | THE
IS TAreN AS 2070 OF My.

SEISMIC MOMENT My

APATIONAL BIAXIAL CHECK MUST BE PERFORMEP For THS
COMN FOR LOADS DUE To A N-S EARTHQUAKE (NoT SHown).
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Figure E-4. Seven-story ductile concrete frame building—continued.
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Figure E-4. Seven-story ductile concrete frame building—continued.
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Figure E-4. Seven-story ductile concrete frame building—continued.
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DESIGN EXAMPLES—EQUIPMENT IN BUILDINGS
F-1. Purpose and scope. F-2, Design examples,
The design exampies in this appendix are to ii- The following design examples are representa-
lustrate principles, factors, and concepts de- tive of typical mechanical or electrical equip-
scribed in chapter 6 of this manual for the ment supported on the roof or on a floor of any
anchorage or bracing of mechanical or electrical building. The various examples illustrate the
equipment in buildings. procedures for the analysis and design of both
rigid and flexibly mounted equipment.
Table F-1. Design Examples—Equipment in Buildings.

Fig. No Examplie No. and Description
F-1 F-1 Cooling tower in building: presents analysis for a rigidly mounted cooling tower in

a multi-story building
F-2 F-2 Unit heater—flexible brace: analysis of a unit heater not rigidly braced.
F-3 F-3 Unit heater—rigid support: demonstrates the reduction of the lateral seismic load

by rigidly bracing the unit heater of design example F-2.
F-4 F—4 Tank on a building: demonstrates the seismic analysis of a storage tank on a build-

ing. Emphasis is placed on the period determination.
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Figure F-4. Tank on a building—continued.
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Figure F-4. Tank on a building—continued.
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Acceptable Risk—a probability of social or economic consequences due to earthquakes that is low
enough (for example in comparison with other natural or manmade risks) to be judged by
appropriate authorities to represent a realistic basis for determining design requirements for

engineered structures, or for taking certain social or economic actions.

Active Fault+a fault that on the basis of historical, seismological, or geological evidence has a high
probability of producing an earthquake. (Alternate: a fauit that may prodUC‘ an earthquake
within a specified exposure time, given the assumptions adopted for a specific seismic-risk anal-

v )
J ~/

Attenuation Law—a description of the behavior of a characteristic of earthquake ground motion
as a function of the distance from the source of energy.

B-Value—a parameter indicating the relative frequency of occurrence of earthquakes of different
sizes. It is the slope of a straight line indicating absolute or relative frequency (plotted loga-

rlthmlcally) versus earthquake magnitude or meizoseisma 1 d fie d Mercalh intensity. (The B-

Design Acceleration—a snec1ﬁcat10 f he ground acceleratlon at a site, terms of a single value
such as the peak or rms; used for the earthquake-resistant design of a structure (or as a base
for deriving a design spectrum). See ‘“Design Time History.”

Design Earthquake—a specification of the seismic ground motion at a site; used for the earthquake-
resnstant de31gn ot a structure

R

sign Spectrum—a set of curves for design purposes that gives acceleration velocity, or displace-
ment (usually absolute acceleration, relative velocity, and relative displacement of the vibrating
mass) as a function of period of vibration and damping
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locity or displacemer a used for the earthquake n of a structure. See
“Macian Arralaratinan
AJTOIEILL LALLTIT1I alivil .
Duration—a qualitative or quantitafive descr‘iptio-- of the le.- tt ef time during which ground

Earlhquclke—a sudden motlon or vibration in the earth caused by the abrupt release of energy in
the earth’s lithosphere. The wave motion may range from violent at osme locations to 1mper-
ceptible at others

in a grve—n area.
Excesedence Probability—the probability that a specified level of ground motion or specified social
or economic consequences of earthquakes, will be exceeded at a site or in a region during a

specified exposure time.
Expected—mean, average.
Expected Ground Motion—the mean value of one or more characteristics of ground motion at a
site for a single earthquake. (Mean ground motion.)
Exposure—ihe potential economic loss to ali or certain subset of structure
1 %9 5

more earthquakes in an area. This term usually refers to the in a C €es Car
by cne or more insurers. See ‘“Value at Risk”

Exposure Time—the time period of interest for selsmlc—rlsk calculations, seismic-hazard calcula-
tions, or design of structures. For structures, the exposure time is often chosen to be equal to

the design lifetime of the structure.
Geologic Hazard—a geologic process (e.g., landsliding, liquefaction soils, active faulting) that
during an earthquake or other natural event may produce effects in structures.
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51te (e g., Modified Mercalh mtensnty, Rossn Forel mten51 y, Housne
intensity, peak acceleration, etc.).

Loss—any adverse economic or social consequence cause by one or more earthquakes.

Maximum—the largest value attained by a variable during a specified exposure time. See “Peak
Value.”

Maximum Credible

Maximum :Apvuublv

A um Exvnactad

um Expected
cimum Probable—These terms are used to specify the largest value of a variable, for example,
the magnitude of an earthquake, that might reasonably be expected to occur. These are mis-
leading terms and their use is discouraged. (The U.S. Geological Survey and some individuals
and companies define the maximum credible earthquake as “the largest earthquake that can be
reasonabiy expected to occur.” The Bureau of Reclamation, the First Interagency Working Group
(Sept. 1978) defined the maximum credible earthquake as “the earthquake that would cause
the most severe vibratory ground motion capable of being produced at the site under the current
known tectonic framework.” It is an event that can be supported by all known geologic and
seismologic data. The maximum expectable or expected earthquake is defined by USGS as “the
largest earthquake that can be reasonably expected to occur.” The maximum probable earth-
quake is sometimes defined as the worst historic earthquake. Alternatively, it is defined as the
100-year-return- perlod earthquake, or an earthquake that probabilistic determination of recur-
rence wiii take piace during the life of the s

.
1
frnnsssee D thila__t+h 1 o + 1. 1
aximum Possible—the largest value possible for a

t
sumption that larger values are not possible, or implicitly from assumptl ns that elated vari-
ables or functions are limited in range. The maximum possible value may be expressed
deterministically or probabilistically.

Mean Recurrence Interval, Average Recurrence Interval—the average time between earth-
quakes or faulting vents with specific characteristics (e.g., magnitude = 6) in a specified region
or in a specified fault zone.

Al mscon Db B g | n Ao . 3 i 3
Meain Retuirn Pericd—the average time between occurrences of ground motion with specific char-
acteristics (e g neak horizontal acceleration = 0.1 g) at a site. (Equal to the inverse of the

Mean Squore—expected value of the square of the random variable. (Mean square minus square
of the mean gives the variance of random variable.)

Peak Value—the largest value of a time- dependent varlable during an earthquake.
Response apecrrum—a set of curves caicuiated from an earthquake accelerogram that gives values
of peak response of a damped linear oscillator, as a function of its period of vibration and

damping.
Root Mean Square (rms)—square root of the mean square value of a random variable.

Seismic-Activity Rate—the mean number per unit time of earthquakes with specific characteristics
(e.g., magnitude = 6) originating on a selected fault or in a selected area.

Seismic-Design-Load Effects—the actions (axial forces, shears, or bending moments) and defor-

mations induced in a structural system due to a specified representation (time history, response
spectrum, or base shear) or seismic design ground motioii.
Seismic-Design Loading—the prescribed representation (time history, response spectrum, or

equivalent static base shear) of seismic ground motion to be used for the design of a structure.
Seismic Event—the abrupt release of energy in the earth’s lithosphere, causing an earthquake.
Seismic Hazard—any physical phenomenon (e.g., ground shaking, ground failure) associated with
an earthquake that may produce adverse effects on human activities.
Seismic Risk—the probability that social or economic consequences of earthquakes will equal or
exceed specified values at a site, at several sites, or in an area, during a specified exposure time.

Canlomeles Blals Fasn am nhonlata +tarm Can “Qatcmin Zana ”?
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Seismic-Source Zone—an obsolete term See “Seismogenic Zone” and “Seismotectonic Zone.”

Seismic Zone—a generally large area within which seismic-design requirements for structures are
constant.

Seismic Zoning, Seismic Zonation—the process of determining seismic hazard at many sites for
the purpose of delineating seismic zones.

Glossary 2
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Seismic Microzone—a generally small area within which seismic-design requirements for structures
are uniform. Seismic microzones may show relative ground motion amplification due to local
soil conditions without specifying the absolute levels of motion or seismic hazard.

Seismic Microzoning, Seismic Microzonation—the process of determining absolute or relative
seismic hazard at many sites, accounting for the effects of geologic and topographic amplification
of motion and of soil stability and liquefaction, for the purpose of delineating seismic microzones.
Alternatively, microzonation is a process for identifying detailed geological, seismological, hy-
drological, and geotechnical site characteristics in a specific region and incorporating them into
land-use planning and the design of safe structures in order to reduce damage to human life
and property resulting from earthquakes.

Seismogenic Zone, Seismogenic Province—a planar representation of a three-dimensional do-
main in the earth’s lithosphere in which earthquakes are inferred to be of similar tectonic origin.
A seismogenic zone may represent a fault in the earth’s lithosphere. See “Seismotectonic Zone.”

Seismogenic Zoning—the process of delineating regions have nearly homogeneous tectonic and
geologic character, for the purpose of drawing seismogenic zones. The specific procedures used
depend on the assumptions and mathematical models used in the seismic-risk analysis or seismic-
hazard analysis.

Seismotectonic Zone, Seismotectonic Providence—a seismogenic zone in which the tectonic pro-
cesses causing earthquakes have been identified. These zones are usually fault zones.

Source Variable—a variable that describes a physical characteristic (e.g., magnitude, stress drop,
seismic moment, displacement) of the source of energy release causing an earthquake.

Standard Deviation—the square root of the variance of a random variable.

Upper Bound—see “Maximum Possible.”

Value at Risk—the potential economic loss (whether insured or not) to all or certain subset of
structures as a result of one or more earthquakes in an area. See “Exposure.”

Variance—the mean squared deviation of a random variable from its average value.

Vulnerability—the degree of loss to a given element at risk, or set of such elements, resulting from
an earthquake of a given magnitude or intensity, which is usually expressed on a scale from 0
(no damage) to 10 (total loss).
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